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METHOD AND APPARATUS FOR RADIAL EXPANSION AND/OR COUPLINO 

Background of the Invention 
This invention relates generally to tabular members. For convenience, the 
5 invention will be described with reference to wcllborc casings that are formed using 
expandable tubing. However, it will be appreciated that the invention may be applied to 
, other tubular members, such as pipelines and structural supports. 

Conventionally, when a wellbore is created, a number of casings are installed in the 
borehole to prevent collapse of the borehole wall and to prevent undesired outflow of 
1 0 drilling fluid into the formation or inflow of fluid from the formation into the borehole. 
The borehole is drilled in intervals whereby a casing which is to be installed in a lower 
borehole interval is lowered through a previously installed casing of an upper borehole 
interval: As a consequence of this procedure the casing of the lower interval is of smaller 
diameter than the casing of the upper interval. Thus, the casings are in a nested 
15 arrangement with casing diameters decreasing in downward directiba Cement annuli are 
. ; provided between the outer surfaces of the casings and the borehole wall to seal the casings 
from the borehole wall. As a consequence of this nested arrangement a relatively large 
borehole diameter is required at the upper part of the wellbore. Such a large borehole 
diameter involves increased costs due to heavy casing handling equipment, large drill bits 
20 and increased volumes of drilling fluid and drill cuttings. Moreover, increased drilling rig 
time is involved due to required cement pumping, cement hardening, required equipment 
changes due to large variations in hole<liameters drilled in the course of the well, and the 
large volume of cuttings drilled and removed. 

The present invention is directed to alleviating one or more of the limitations of the 
25 existing procedures for forming wellbores and other tubular members. 
Summary of the Invention 

According to one aspect of the invention, an apparatus for plastically deforming 
and radially expanding a tubular member is provided that includes means for plastically 
deforming and radially expanding a first portion of the tubular member to a first outside 
30 diameter, and means for plastically deforming and radially expanding a second portion of 
the tubular member to a second outside diameter. The means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside diameter may 



S be frangible, elastic or inflatable, or it may include tolling means for applying radial 

<m pressure to the first portion of the tubular member. 

O According to another aspect of the present invention, an apparatus for plastically 

q deforming and radially expanding a tubular member is provided that includes a tubular 

5 support member including a first fluid passage, an expansion cone coupled to the tubular 
g support member having a second fluid passage fluidicly coupled to the first fluid passage 

and an outer conical surface, a removable annular conical sleeve coupled to the outer 
^ conical surface of the expansion cone, an annular expansion cone launcher coupled to the 

£2 conical sleeve and a lower portion of the tubular member, and a shoe having a varveable 

^ 10 passage coupled to an end of the expansion cone launcher. The conical sleeve may be, for 
example,, frangible, elastic or comprised of a plurality of arcuate elements. 

According to another aspect of the present invention, a method of plastically 
deforming and radially expanding a tubular member is provided that includes plastically 
deforming and radially expanding a portion of the tubular member to a first outside 
15 diameter, and plastically deforming and radially expanding another portion of the tubular 
member to a second outside diameter. In one embodiment, plastically deforming and 
radially expanding the first portion of the first tubular member comprises applying a radial 
force to the portion of the tubular member using a conical sleeve. The conical sleeve may 
be, for example, frangible, elastic or comprised of a plurality of arcuate elements. In 
20 another embodiment, plastically deforming and radially expanding the first portion of the 
first tubular member comprises applying a radial force to the first portion of the first 
tubular member using an inflatable bladder or using a roller expansion device. 

According to another aspect of the present inventipn, a method of coupling a first 
tubular member to a second tubular member is provided that includes plastically deforming 
25 and radially expanding a first portion of the first tubular member to a first outside 

diameter, plastically deforming and radially expanding another portion of the first tubular 
member to a second outside diameter, positioning the second tubular member inside the 
first tubular member in overlapping relation to the first portion of the first tubular member, 
plastically deforming and radially expanding the second tubular member to a third outside 
30 diameter, and plastically deforming and radially expanding trie second tubular member to a 
fourth outside diameter. The inside diameters of the first and second tubular members 
after the plastic deformations and radial expansions are substantially equal. The first 
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outside diameter may be greater than the second outside diameter. In one embodiment, 
plastically deforming and radially expanding the first portion of the first tubular member 
O comprises applying a radial force to the portion of the tubular member using a conical 

q sleeve. The conical sleeve may be, for example, togiblc, elastic or comprised of a 

5 plurality of arcuate elements. In another embodiment, plastically deforming and radially 
CN expandmg the fust portion of the first tubular member wmpriscs applying a 

tij C fj^ portion of the first tubular member using an inflatable bladder or using a roller 
^ expansion device. 

q According to another aspect of the present invention, an apparatus for coupling a 

^ 1 0 tint tubular member to a second tubular member is provided that includes means for 

plastically deforming and radially expanding a first portion of the first tubular member to a 
first outside diameter, means for plastically deforming and radially expanding another 
portion of the first tubular member to a second outside diameter, means for positioning Che 
second tubular member inside the first tubular member in overlapping relation to the first 

15 portion of the first tubular member, means for plastically deforming and radially expanding 
the second tubular member to a third outside diameter, and means for plastically deforming 
and radially expanding the second tubular member to a fourth outside diameter. The inside 
diameters of the first and second tubular members after the plastic deformations and radial 
expansions are substantially equal. The first outside diameter may be greater than the 

20 second outside diameter. In one embodiment, the means for plastically deforming and 
radially expanding the first portion of the first tubular member comprises means for 
applying a radial force to the portion of the tubular member using a conical sleeve. The 
conical sleeve may be, for example, frangible, elastic or comprised of a plurality of arcuate 
elements. In another embodiment, the means for plastically deforming and radially 

25 expanding the first portion of the first tubular member comprises means for applying a 
radial force to the first portion of the first tubular member using an inflatable bladder or 
using a roller expansion device. 

According to another aspect of the present invention, an apparatus for forming a 
wellbore casing within a wellbore is provided that includes means for supporting a tubular 

30 member within the wellbore, means for plastically deforming and radially expanding a first 
portion of the tubular member to a first outside diameter, and means for plastically 
deforming and radially expanding a second portion of the tubular member to a second 
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outside diameter. The means for plastically deforming and radially expanding the first 
portion of the tubular member to the first outside diamete may be frangible, elastic or 
O inflatable, or it may include rolling means for applying radial pressure to the first portion 

q of the tubular member. : 

5 According to another aspect of the present invention an apparatus for fonning a 

g wellbore casing within a wellbore is provided that inchito a tubular support mm 

including a first fluid passage, an expansion cone coupled to the tubular support member 
ON bmng a second fluid passage fluidicly coupled to the first fluid passage and an outer 

q conical surface, a removable annular conical sleeve coupled to the outer conical surface of 

^ 10 the expansion cone, an annular expansion cone launcher coupled tp the conical sleeve and 
a lower portion of the tubular member, and a shoe having a valveable passage coupled to 
an end of the expansion cone launcher. The conical sleeve may be, for example, frangible, 
elastic or comprised of a plurality of arcuate elements. 

According to another aspect of the present invention, a method of forming a 
1 5 wellbore casing within a wellbore is provided that includes supporting a tubular member 
within a wellbore, plastically deforming and radially expanding a portion of the tubular 
member to a first outside diameter, and plastically deforming and radially expanding 
another portion of die tubular member to a second outside diameter. In one embodiment, 
plastically deforming and radially expanding the first portion of the first tubular member 
20 comprises applying a radial force to the portion of the tubular member using a conical 
sleeve. The conical sleeve may be, for example, frangible, elastic or comprised of a 
plurality of arcuate elements. In another embodiment, plastically deforming and radially 
expanding the first portion of the first tubular member comprises applying a radial force to 
the fust portion of the first tubular member using an inflatable bladder or using a roller 
25 expansion device. 

According to another aspect of the present invention, a method of forming a mono- 
diameter wellbore casing within a wellbore is provided that includes supporting a first 
tubular member within the wellbore, plastically deforming and radially expanding a first 
portion of the first tubular member to a first outside diameter, plastically deforming and 
30 radially expanding another portion of the first tubular member to a second outside 
diameter, positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portion of the first tubular member, plastically deforming 
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and radially expanding the second tubular member to a third outside diameter, and 
plastically deforming and radially expanding the second tubular member to a fourth 
outside diameter. The inside diameters of the first and second tubular m embers alter the . 
plastic deformations and radial expansions are substantially equal. The first outside . 
5 diameter may be greater than the second outside diameter. In one embodiment, plastically 
deforming and radially expanding the first portion of the first tubular member comprises 
applying a radial force to the portion of the tubular member using a conical sleeve. The 
conical sleeve may be, for example, frangible, elastic or comprised of a plurality of arcuate 
elements. In another embodiment, plastically deforming and radially expanding the first 

1 0 portion of the first tubular member comprises applying a radial force to the first portion of 
the first tubular member using an inflatable bladder or using a roller expansion device. 
The method may further comprise injecting an annular body of a hardenable fluidic sealing 
material into an annulus between the first tubular member and the wellbore and/or between 
the second tubular member and the wellbore. The annular body or bodies may be cured. 

IS According to another aspect of the present invention, an apparatus for coupling a 

first tubular member to a second tubular member is provided that includes means for 
plastically deforming and radially expanding a first portion of the first tubular member to a 
first outside diameter, means for plastically deforming and radially, expanding another 
portion of the first tubular member to a second outside diameter, means for positioning the 

20 second tubular member inside the first tubular member in overlapping relation to the first 
portion of the first tubular member, means for plastically deforming and radially expanding 
the second tubular member to a third outside diameter, and means for plastically deforming 
and radially expanding the second tubular member to a fourth outside diameter. The inside 
diameters of the first and second tubular members after the plastic deformations and radial 

25 expansions are substantially equal. The first outside diameter may be greater than the 
second outside diameter. In one embodiment, the means for plastically deforming and 
radially expanding the first portion of the first tubular member comprises means for 
applying a radial force to the portion of the tubular member using a conical sleeve. The 
conical sleeve may be, for example, frangible, elastic or comprised of a plurality of arcuate 
. 30 . elements. In another embodiment, the means for plastically deforming and radially 
expanding the first portion of the first tubular member comprises means for applying a 
radial force to the first portion of the first tubular member using an inflatable bladder or 
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using a roller expansion device. The apparatus may further comprise means far injecting 
anarmutar^yofahflrtenableflm 1 
tubular member and the wellborc and/or between the second tubular member; and the 
wdlbore. Such apparatus may further comprise means for curing the annular body of 
5 hardenaWc fluidic sealing material 

According to another aspect of the present invention, an apparatus for plastically 
deforming and radially expanding a tubular member is provided that includes means for 
providing a lipped portion in a portion of die tubular member, and means for plastically 
deforming and radially expanding another portion of the tubular member. 

10 According to another aspect of the present invention, an apparatus for. plastically 

deforming and radially expanding a tubular member is provided that includes a tubular 
support member including a first fluid passage, an expansion cone coupled to the tubular 
support member toying a second fluid passage fluidicly coupled to the first fluid passage 
and an outer conical surface, an annular expansion cone launcher including: a first annular 

1 5 , portion coupled to a lower portion of the tubular member, a second annular portion 
coupled to the first annular portion that mates with the outer conical surface of the 
expansion cone, a third annular portion coupled to the second annular portion having a first 
outside diameter, and a fourth annular portion coupled to the third annular, portion having a 
second outside diameter, wherein the second outside diameter is less than the first outside 

20 diameter, and a shoe having a valveable passage coupled to fourth annular portion of the 
expansion cone launcher. 

According to another aspect of the present invention, a method of plastically 
deforming and radially expanding a tubular member is provided that includes providing a 
. lipped portion in a portion of the tubular member, and plastically deforming and radially 

25 expanding another portion of the tubular member. 

According to another aspect of the present invention, a method of coupling a first 
tubular member to a second tubular member is provided that includes providing a lipped 
portion in a portion of the first tubular member, plastically deforming and radially 
expanding another portion of the first tubular member, positioning die second tubular 

30 member inside the first tubular member in overlapping relation to the lipped portion of the 
first tubular member, and plastically deforming and radially, expanding the second tubular 
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member. The inside diameters of the first and second tubular members after the plastic 
deformations and radial expansions are substantially equal. 

According to another aspect of the present invention, an apparatus for coupling a 
first tubular member to a second tubular member is provided that includes means tor 
providing a lipped portion in the first tubular member, means for plastically deforming and 
radially expanding another portion of the first tubular member, means for positioning the 
second tubular member inside die first tubular member in overlapping relation to the lipped 
portion of the first tubular member, and means for plastically deforming and radially 
expanding the second tubular member. The inside diameters of the first and second tubular 
members after the plastic deformations and radial expansions are substantially equal. 

According to another aspect of the present invention, an apparatus for forming a 
wellbore casing within a wellbore is provided that includes means for supporting a tubular 
member within the wellbore, means for providing a lipped portion in the tubular member, 
and means for plastically deforming and radially expanding another portion of the tubular 
memberto a second outside diameter. 

According to another aspect of the present invention, an apparatus for forming a 
wellbore casing within a wellbore is provided that includes a tubular support member 
including a first fluid passage, an expansion cone coupled to the tubular support member 
having a second fluid passage fluidicly coupled to the first fluid passage and an outer 
conical surface, an annular expansion cone launcher including: a first annular portion 
coupled to a lower portion of the tubular member, a second annular portion coupled to the 
first annular portion that mates with the outer conical surface of the expansion cone, a third 
annular portion coupled lo the second annular portion having a first outside diameter, and a ; 
fourth annular portion coupled to the third annular portion having a second outside 
diameter, wherein the second outside diameter is less than the first outside diameter, and a 
shoe having a valveable passage coupled to fourth annular portion of the expansion cone 
launcher. 

According to another aspect of the present invention, a method of forming a 
wellbore casing in a wellbore is provided that includes supporting a tubular member within 
the wellbore, providing a lipped portion in a portion of the tubular member, and plastically 
deforming and radially expanding another portion of the tubular member. The method 



may further comprise injecting a hardenable fluidic scaling material in an annulus between 
the tubular member and the wellbore, 

According to another aspect of the presenl invention, a method of forming a mono- 
diameter wcllbore casing within a wellbore is provided that includes supporting a first 
tubular member within 1 the wellbore, providing a lipped portion in a portion of the first 
tubular member, plastically deforming and radially expanding another portion of the first 
tubular member, positioning the second tubular member inside the first tubular member in 
overlapping relation to the lipped portion of the first tubular member, and plastically 
deforming and radially expanding the second tubular member. The inside diameters of the 
first and second tubular members after the plastic deformations and radial expansions are 
substantially equal. The method may further comprise injecting a hard enable fluidic 
sealing materia) in an annulus between the first tubular member and the wellbore and/or 
between the second tubular member and the wellbore. The fluidic sealing material may be 
cured. 

According to another aspect of die present invention, an apparatus for forming a 
mono-diameter wellbore casing within a wellbore is provided that includes means for 
providing a lipped portion in the first tubular member, means for plastically deforming and 
radially expanding another portion of the first tubular member, means for positioning the 
second tubular member inside the first tubular member in overlapping relation to the lipped 
portion of the first tubular member, and means for plastically deforming and radially 
expanding the second tubular member The inside diameters of the first and second tubular 
members after die plastic deformations and radial expansions are substantially equal. The 
apparatus may further comprise means for injecting a hardenable fluidic sealing material in 
an annulus between the first tubular member and the wellbore and/or between the second 
tubular member and the wellbore. Such apparatus may further comprise means for curing 
the fluidic sealing material. 

According to another aspect of the present invention, an apparatus for plastically 
deforming and radially expanding a tubular member is provided that includes means for 
plastically deforming and radially expanding a first end of the tubular member, and means 
for plastically deforming and radially expanding a second end of the tubular member. 

. According to another aspect of (he present invention, an apparatus for plastically 
deforming and radially expanding a tubular member is provided that includes a tubular 



support member including a first passage, an expansion cone coupled to the tubular 
0 support having a second passage fluidicly coupled to the first passage and an outer conical 

O surface, an annular expansion cone launcher movably coupled to outer conical surface of 

^ the expansion cone, an expandable tabular member coupled to an end of the annular: 

5 expansion cone law^ 

g launcher having a valveable fluid passage, and another annular expansion cone movably 

OO coupled to the tubular support member. The annular expansion cones are positioned in 

ON opposite orientations. In one embodiment, the annular expansion cone is adapted to 

!Zj plastically deform and radially expand a first end of the expandable tubular member and 

^ 1 0 the other annular expansion cone is adapted to plastically deform and radially expand a 
second end of the expandable tubular member. The apparatus may further comprise an 
anchoring member coupled to the tubular support member adapted to hold the expandable 
tubular. 

According to another aspect of the present invention, an apparatus for forming a 

15 wellbore casing within a wellbore is pmvio^mat mcludes atubularsuprx>rt member 
including a first passage, an expansion cone coupled to the tubular support having a second 
passage fluidicly coupled to the first passage and an outer conical surface, an annular 
expansion cone launcher movably coupled to outer conical surface of the expansion cone, 
an expandable tubular member coupled to an end of the annular expansion cone launcher, a 

20 shoe coupled to another end of the annular expansion cone launcher having a valveable 
fluid passage, and another annular expansion cone movably coupled to the tubular support 
member. The annular expansion cones are positioned in opposite orientations. In one 
embodiment, the annular expansion cone is adapted to plastically defbnn and radially 
expand a first end of the expandable tubular member and the other annular expansion cone 

25 is adapted to plastically deform and radially expand a second end of the expandable tubular 
member. The apparatus may further comprise an anchoring member coupled to the tubular 
support member adapted to hold the expandable tubular. 

According to another aspect of the present invention, an apparatus for bridging an 
axial gap between opposing pain of wellbore casing within a wellbore b provided that 

30 * includes means for supporting a tubular member in overlapping relation to the opposing 
ends of the wellbore casings, means for plastically deforming and radially expanding the 
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tubular member, and means for plastically deforming and radially expanding the tubular 
member and the opposing ends of the wellbore casings. 

According to another aspect of the present invention, a method of bridging an axial 
gap between opposing pain of wellbore casing within a wellbore is provided that includes 
supporting a tubular member in overlapping relation to the opposing ends of the wellbore 
casings, plastically deforming and radially expanding the tubular member, and plastically 
deforming and radially expanding the tubular member and the opposing ends of the 
wellbore casings. 

According to another aspect of the present invention, a method of forming a 
structure having desired strength characteristics is provided that includes providing a first 
tubular member, and plastically deforming and radially expanding additional tubular 
members onto the interior surface of the first tubular member until die desired strength 
characteristics are achieved. 

According to another aspect of the present invention, a method of forming a 
wellbore casing within a wellbore having desired strength characteristics is provided that 
includes plastically deforming and radially expanding a first tubular member within the 
wellbore, and plastically deforming and radially expanding additional tubular members 
onto the interior surface of die first tubular member until the desired strength 
characteristics are achieved. 

According to another aspect of the present invention, a method of coupling a first 
tubular member to a second tubular member, the first tubular member having an original 
outside diameter ODq and an original wait thickness to, is provided that includes plastically 
deforming and radially expanding a first portion of the first tubular member to a first 
outside diameter, plastically deforming and radially expanding another portion of the first 
tubular member to a second outside diameter, positioning the second tubular member 
inside die first tubular member in overlapping relation to the first portion of the first 
tubular member, plastically deforming and radially expanding the second tubular member 
to a third outside diameter, and plastically deforming and radially expanding the second 
tubular member to a fourth outside diameter. The inside diameters of the first and second 
tubular members after the plastic deformations and radial expansions are substantially 
equal, and the ratio of the original outside diameter ODq of the first tubular member to the 
original wall thickness to of the first tubular member is greater than or equal to 16. 



According to another aspect of the present invention, a method of forming a roono- 
diameter wellbore casing is provided that includes positioning a first tubular member 
within a welJbore, the first tubular member having an original outside'diameter ODo and an 
original wall thickness to, plastically deforming and radiaUy^andihg a first portion of 
5 the first tubular member toa fint outside diameter, plastically deforming and radially 
expanding another portion of the first tubular member to a second outside diameter, 
positioning the second tubular member inside the first tubular member in overlapptn| 
relation to the first portion of the first tubular member, plastically deforming and radially 
expanding the second 

10 deforming and radially expanding the second tubular member to a fourth outside diameter. 
The inside diameters of the first and second tubular members after the plastic deformations 
and radial expansions are substantially equal, and the ratio of the original outside diameter 
ODo of the first tubular member to the original wall thickness to of the first tubular member 
is greater than or equal to 16. 

1 5 According to another aspect of the present invention, ah apparatus is provided that 

includes a plastically deformed and radially expanded tubular member having a first 
portion having a first outside diameter and a remaining portion haying a second outside 
diameter. The ratio of the original outside diameter ODo of the first tubular member to the 
original wall thickness to of the first tubular member is greater than or equal to 16. 

20 According to another aspect of the present invention, an apparatus is provided that 

includes a plastically deformed and radially expanded first tubular member having a first 
portion having a first outside diameter and a remaining portion having a second outside 
diameter, and a plastically deformed and radially expanded second tubular member 
coupled to the first portion of the first tubular member, The ratio of the original outside 

25 diameter ODo of the first tubular member to the original wall thickness to of the first 

tubular member is greater than or equal to 16, In one embodiment, the inside diameters of 
the first and second tubular members are substantially equal. 

According to another aspect of the r^ent irrver^^ 
wellbore is provided that includes a plastically deformed and radially expanded first 

30 tubular member having a first portion having a first outside diameter and a remaining 
portion having a second outside diameter, and a plastically deformed and radially 
expanded second tubular member coupled to the first portion of the first tubular member. 
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The ratio of the original outside diameter ODoof the fust tubular member to the original 
wall thickness to of the first tubular member is greaterthan or equal to 1 6. In one 
embodiment, the inside diameters of the first and second tubular members are substantially 
equal. 

5 According to another aspect of the present invention, an ap]^^ 

includes a plastically deformed and radially expanded tubular member. The ratio of the 
original outside diameter ODo of the tubular member to the original wall thickness to of the 
tubular member is greater than or equal to 16. 

According to another aspect ofthc present invention there is provided an apparatus 

10 for plastically deforming and radiaily expanding a tubular member, comprising: means for 
coupling a firstexpansion cone to a second expansion cone; means for plastically 
deforming and radially exparjding a first portion of the tubular member to a first outside 
diameter using the first and second expansion cones; means for plastically deforming and 
radially expanding a second portion ofthc tubular member to a second outside diameter 

1 5 using the second expansion cone; and means for decoupling the first and second expansion 
cones prior to plastically defonning and radially expanding the second portion of the 
tubular member to the second outside diameter; wherein the first outside diameter is 
greater than the second outside diameter. 

According to another aspect of the present invention there is provided a method of 
20 plastically deforming and radially expanding a tubular member, comprising: plastically 
deforming and radially expanding a portion of the tubular member to a first outside 
diameter using a first expansion cone coupled to a second expansion cone; decoupling the 
first and second expansion cones; and plastically deforming and radially expanding another 
portion of the tubular member to a second outside diameter using the second expansion 
25 cone; wherein the first outside diameter Is greater than the second outside diameter. 

According to another aspect of the present invention there is provided a method of 
coupling a first tubular member to a second tubular member, comprising: plastically 
defonning and radially expanding a first portion of the first tubular member to a first 
outside diameter using a first expansion cone coupled to a second expansion cone; 
30 decoupling the first and second expansion cones; plastically deforming and radially 
expanding another portion of the first tubular member to a second outside diameter using 
the second expansion cone; positioning the second tubular member inside the first tubular 
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member in overlapping relation to Ac first portion of the first tubular member, plastically 
deforming and radially expanding the second tubular member to a third outside diameter; 
and plastically deforming and radially expanding the second tubular member to a fourth 
outside diameter, wherein the first outside diameter is greater than (he second outside 
diameter, and wherein the inside diameters of the first and second tubular members after 
die plastic deformations and radial expansions are substantially equal. 

According to another aspect of the present invention there is provided an apparatus 
for coupling a first tubular member to a second tubular member, comprising; means for 
plastically deforming and radially expanding a first portion of the first tubular member to a 
first outside diameter using a first expansion cone coupled to a second expansion cone; 
means for decoupling the first expansion cone from the second expansion cone; means for 
plastically deforming and radially expanding another portion of the first tubular member to 
a second outside diameter using the second expansion cone; means for positioning the 
second tubular member inside the first tubular member in overlapping relation to the first 
portion of the first tubular member; means for plastically deforming and radially 
expanding the second tubular member to a third outside diameter, and means for plastically 
deforming and radially expanding the second tubular member to a fourth outside diameter; 
wherein the first outside diameter is greater than the second outside diameter, and wherein 
the inside diameters of die first and second tubular members after the plastic deformations 
and radial expansions are substantially equal. 

According to another aspect of the present invention there is provided an apparatus 
for forming a wellbore casing within a wellbore, comprising: means for supporting a 
tubular member within the wellbore; means for plastically deforming and radially 
expanding a first portion of the tubular member to a first outside diameter using a first 
expansion cone coupled to a second expansion cone; means for decoupling the first and 
second expansion cones; and means for plastically deforming and radially expanding a 
second portion of the tubular member to a second outside diameter using the second 
expansion cone; wherein the first outside diameter is greater than the second outside 
diameter. 

According to another aspect of die present invention there is provided a method of 
forming a wellbore casing within a wellbore, comprising: supporting a tubular member 
within a wellbore; plastically deforming and radially expanding a portion of the tubular 
member to a first outside diameter using a first expansion cone coupled to a second 



expansion cone; decoupling the first and second expansion cones; and plastically 
deforming and radially expanding another portion of the tubular member to a second 
outside diameter using the second expansion cone; wherein the first outside diameter is. 
greater than the second outside diameter. 
5 According to another aspect of the present invention thero is |m>vided a method of 

forming a mono-diameter weilbore casing within a wellborn comprising: importing a first 
tubular member within the weilbore; plastically deforming and radially expanding a first 
portion of the first tubular member to a first outside diameter using a first expansion cone 
coupled to a second expansion cone; decoupling the first and second expansion cones; 
) 0 plastically deforming and radially expanding another portion of the first tubular member to 
a second outside diameter using the second expansion cone; positioning the second tubular 
member inside the first tubular member in overlapping relation to the first portion of the 
first tubular member; plastically deforming and radially expanding the second tubular 
member to a third outside diameter, and plastically deforming and radially expanding the 
15 second tubular member to a fourth outside diameter; wherein trie first outside diameter is 
greater than the second outside diameter; and wherein the inside diameters of the. first and 
second tubular members after the plastic deformations and radial expansions are 
substantially equal. 

According to another aspect of the present invention there is provided an apparatus 
20 for coupling a first tubular member to a second tubular member, comprising: means for 
plastically deforming and radially expanding a first portion of the first tubular member to a 
first outside diameter using a first expansion cone coupled to a second expansion cone; 
means for decoupling the first and second expansion cones; means for plastically 
deforming and radially expanding another portion of the first tubular member to a second 
25 outside diameter using the second expansion cone; means for positioning the second 
tubular member inside the first tubular member in overlapping relation to the first portion 
of the first tubular member; means for plastically deforming and radially expanding the 
second tubular member to a third outside diameter; and means for plastically deforming 
and radially expanding the second tubular member to a fourth outside diameter; wherein 
SO the first outside diameter is greater than the second outside diameter, and wherein the 

inside diameters of me first and second tubular members after the plastic deformations and 
radial expansions are substantially equal. 
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Brief Description of the Drawing* 
Fig. law serosa sectional fflustration of a weflbore including a 
wellbore caring. 

Fig. lb is a cross-sectional illustration of too placement of an embodiment of an 
5 apparatus for radially expanding a tubular member into the welbare ofFig. la. 
Fig^cisacxDSSHJCction^^ 
the apparatus of Fig. lb. 

Fig. ldisacms-sectiorudfflu^ 
materials mrough (he apparatus ofFig. lc. 
10 Fig. le ifi a cross-aectianal ilrastratian of the J)r(58suri2atkm of the region below the 

expansion cone of the sppsratU9 of Fig. id. 

Fig. If is a cross-sectional illustration of the continued pressurization of tho region 
below the expansion cone of the apparatus of Fig. le. 

Fig. lg is across-sectional illustration of (he continued piessurization of the region 
15 belowmeexpaiifflcmcOTeofte lffoHowing me removal of the over- 

expansion sleeve. 

Fig. I h is a cross-sectional illustration of the completion of the radial expansion of 
the expandable tubular member of tho apparatus of Fig. 1 g. 

Fig. 1 i is a cross-sectional illustration of tho drilling out of a new section of the 
20 wellbore below the apparatus of Fig. Ih. 

Fig lj is a cross-sectional illustration of the radial expansion of another 
expandable tubular member that overlaps with the apparatus of Fig. li. 

Fig. Ik is a cross-sectional illustration of tie secondary radial expansion of the 
other expandable tubular member of the apparatus ofFig. 1L 
25 Fig. 11 is a cross-sectional illustration of the cornplction of ma secondary radial 

expansion of the other expandable tubular member ofFig. Ik to form a mono-diameter 
wellbore casing. 

Fig. 2a ia a cross section^ 
wellbore casing. 

30 Fig. 2b is a cross-sectional illustrarion of the placement of an embodiment of an 

ar^araius for radially expanding a tabular member to . 
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Fig. 2c is a-cross-scctional fflnstratkm oftho nycction of fluidio materials through 

the apparatus of Fig. 2b. 

pjg. 2d is a cross-wtional iUustnitian of the injection oftoadenable fluidic sealing 
materials through the apparatus of Fig. 2c. 
5 Fig. 2o is a cross-sectional atostration of mo piessurjzatton of the region below (he 

expansion cone of the apparatus of Pig. 2d. 

Fig. 2f U a cross-sectional illustration of the continued pressurizatkra of the region 
below the expansion cone of die apparatus of Fig. 2c. 

Fig. 2g fe a crcss-sectiqnal ffiustraticin of the completion of tho radial expansion of 
10 theexpandflbk^ 

Fig. 2h is a cross-sectional mustraiion of the drilling out of a new secticn of the 
wcllbore below the apparatus of Fig. 2g. 

Fig. 2i is a cross-sectional illustration of the radial expansion of another 
expandahle tubuiar member that overlaps with tne apparatus of Fig. 2K 
15 Flg.2j is a cross-sectional illustration of the seoondaryramal cwpanm 

other expandable tubular member of the apparatus of Fig. 2i. 

Fig. 2k is a cross^ectional illustration of the completion of the secondary radial 
qqansiDn of the other expandable tubular member of Fig: 2j to form a mono-arameter 
wellbore casing. 

20 Fig. 3 is a cross-sectional fltustration of the apparatus ofFig. 2b iflustrattng tho 

design and construction of the over-expansion insert. 

Fig. 3a is a cross-sectional illustration of an altemative embodiment of the over- 
expansion insert of Fig. 3. 

F5g. 4 is a cross-sectional illustration of ah alternative embodiment of the apparatus 
25 of Fig. 2b including a resilient hook for retrieving the over-expansion insert 
1^ 5a is a cross-sectional iflustr^ 
wcllbore casing. 

Fig. 5b is a cross-sectional illustration ofme formation ofa new section of 
wellbore casing in the weHbore of Fig. 5a. 
30 Fig-Scisarragrnartarycm^ 

inflatable bladder into the new section of the wellbore casing of Fig. 5b. 
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Fig. 5d is a fiagmentary cross-s«rional illustration of the inflation of the inflatable 

bladder of Fig. 5c. . 

Kg, 5e is a cross-sectional illustration of the new section of wellbore casing of Fig. 

5d after ovcr-cxpansiocL 
5 Fig. 5f is a cross-seetional illustration oftho now section ofwollboro casing of Fig. 

5c after drilling out a new section of the wellborn 

' Kg.5gisacross-fectiorudiUust^^ 
wenboit ca«ng ftat inchto 
section of wellbore casing. 
10 : Fig. 6a is a cros*eec*onal illustration of a wollbore including a preexisting 

. \wIlbow casing. 

Fig. 6b is a cioss-sectional illustration of the formation of a new section of 
wellbore casing in the wollbore of Fig. 6a. 

Fig. 6c is a fragmentary cross-sectional illustration of the placement of a roller 
15 radial e^ansion device into the new seenra of tte wellbore 

Fig. 6d is a cross-sectional illustration of the new section of wellbore casing of Fig. 
6c after over»expansion. 

Fig. 6e is a cross-sectional illustration of the new section of wellbore casing of Fig. 
6d after drilling out a new section of the weflboie. 
20 Fig. 6f is a cross-sectional illustration of the formation of a mono-diameter 

wellbore casing mat includes the new section of the wellbore casing and an additional 
section of wellbore casing. 

Fig. 7a is a cross sectional illustration of a wellbore including a preexisting 
wellbore casing. 

25 Fig. 7b is a cross-sectional iUustrahon of the placement of an embodiment of an 

apparatus for radially expanding a tubular member into the wellbore of Fig. 7a. 

Fig, 7c is a cross-sectional ulustraticn of the injection of fluidic materiaJs through 
the apparatus of Fig. 7b. 

* Hg.7disacioss-eecuc>nan 
30 rnaterials through the apparatus of Fig. 7c. 

Fig. 7e is a cross-sectional flluatration of me pressurization of the region below the 
expansion cone of the apparatus of Fig. 7d 
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Fig. If is a cross-sectional Ah"*™**™ of the contmuedpicwurizalioo of tho region 
bcJowthoe^aimQn6oMoiftt»q)parata8ofFlg. 7e. 

Fig. 7g U a cioss^ectional iltaatrationofthe completion of the radial expansion of 
the expandable tabular member of fee apparatus of Fig. 7£ 
5 Figi 7h is a crosa-eoctional illustration of the drilling out of a new section of the 

wellbore below the apparatus of Fig. 7g. 

Fig. 71 is a cross-sectional illustration of the completion of me radial expansion of 
another expandable tubular member to form a mono-diamctcr wellbore casing. 

Fig. 8a is cross-sectional illustration of an wellbore motuding a preexisting section 
10 of wellbore casing having a recessed portion. 

Fig. 8b is a cross-sectional illustration of the placement of an apparatus for radially 
expanding a tubular member within the wellbore of Fig. 8a. 

Fig. 8c is a cross-sectional illustration of the injectira of fluidic materials throu^i 
the apparatus of Fig. 8b. 
15 Fig. 8d is a cross^sectionaJ illustration of the injection of a hardenable fhiidic 

sealing material through the apparatus of Fig. 8c. 

Fig. 8e is cross-sectional illustration of the isolation of the region below the ; 
expansion cone and within the expansion cone launcher of the apparatus of Fig. 8d. 

Fig. 8f is a cross-sectional illustration of the plastic deformation and radial 
20 expanrion bf we upper portion of the expandable tubular member oftheapr^fatus of Fig 
8e. 

Fig. 8g is a cross-sectional illustration of (he removal of the upper expansion cone 
from the wellbore of fig. 8f. 

Fig. 8h is a cross-sectional illustration of the continued pressurization of the region 
25 below the expansion cone of the apparatus of Fig. 8g to thereby plastically deform and 
radially expand the expansion cone launcher and expandable tubular member. 

Fig. 81 is ftcross-scotional illustration of the completion of 
expansion process of the apparatus of Fig. 8h. 

Fig. 8j is a cross-sectional illustration of (he further radial expansion of the 
30 apparatus of Fig. 8i in order to form a mono-diameter wellbore casing. 

Fig. 9a is a cross-sectional illustration of a wellbore including upper and lower 
rwroxisting wellbore casings that are separated by an axial gap. 
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Rg.9*isacross-«eciiaiud of a tubular member to tho 

opposing ends of too wellbore casings of Fig. 9a. 

Kg. 9o is a fragmentary crosa-s^ 
expansion device into the tubular member of Fig. 9b. 
5 Fig. 9d ia a fragn Mtftfm y crm^cfltinnal rilaatration of the actoation of the radial 

expansion device of Fig. 9c. 

Fig:9ois across-sectional of air^ 
actuation of the radial expansion device of Fig. 9A 

Fig. 10 1b a cross-sectional fltustration of a rnono-diamctcx wcilboro casing that 
10 includes a ptorafity of layers of radially expanded tubular members along at least a portion 
of me its length. 

Fig. 1 1 a ia a croaa-sectianal ilmstration of a wellbore iwrfuding a casing formed by 
plastically deforming arid radially expanding a first tubular member. 

Fig. 1 lb ia a cross-sectional illustration of a wellbore including another casing 
1 5 coupled to the preexisting casing by plastically deforming and radially comanding a second 
tubular member. 

Fig. lie is a cross-sectional illustration of a mono-diameter wellbore casing 
formed by radially expanding tho second tubular member a second time. 
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Detailed Description 

Several embodiments of methods and apparatus for forming a mono-diameter 
wellbore casing are disclosed. In several alternative embodiments, the methods and 
apparatus may be used for form or repair mono-diameter wellbore casings, pipelines, or 
structural supports. Furthermore, while the present illustrative embodiments are 
described with reference to the formation of mono-diameter wellbore casings, the 
teachings of the present disclosure have general application to the formation or repair 
of wellbore casings, pipelines, and structural supports. 

Referring initially to Fig. la, a wellbore 10 includes a preexisting wellbore 
casing 15. The wellbore 10 may be oriented in any orientation from the vertical to the 
horizontal. The preexisting wellbore casing 15 may be coupled to the upper portion of 
the wellbore 10 using any number of conventional methods. In a preferred 
embodiment, the wellbore casing 15 is coupled to the upper portion of the wellbore 10 
using one or more of the methods and apparatus disclosed in one or more of the 
following: (1) U.S. patent 6497289, (2) Australian patent application AU-A- 1641 7/00, 
(3)US. patent 6823937, (4) U.S. patent 63281 13, (5) U.S. pateni 6640903, (6) U.S. 
patent 6568471, (7) U.S. patent 6575240, (8) U.S. patent 6557640, (9) U.S. patent 
6604763, (10) International patent application WO 01/04535, (11) International patent 
application WO 01/33037, (12) U.S. patent 6564875, (13) U.S. patent 669501 2, (14) 
U S. patent application US-A-2003-0121558, (15) U.S. patent application US-A-2004- 
0033906, (16) U.S. patent application US-A-2003-01 16325, and (17) U.S. patent 
application US-A-2004-C045718, the disclosures of which are incorporated herein by 
reference. More generally, the preexisting wellbore casing 15 may be coupled to 
another preexisting wellbore casing and/or may include one or more concentrically 
positioned tubular members. 

Referring to Fig. lb, an apparatus 100 for radially expanding a tubular member 
may then be positioned within the wellbore 10. The apparatus 100 includes a tubular 
support member ] 05 defining a passage 1 10 for conveying fluidic materials. An 
expansion cone 115 defining a passage 120 and having an outer conical surface 125 for 
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radially expanding tubular members is coupled to an end of the tubular support 
q member 105, An annular conical over-expansion sleeve 130 mates with and is 

VO removably coupled to the outer conical surface 125 ofthe expansion cone 115. In 

^ several alternative embodiments, the over-expansion sleeve 130 is fabricated from 

<N) 5 frangible materials such as, for example, ceramic materials, in order to facilitate the 
00 removal ofthe over-expansion sleeve during operation of the apparatus 100. In this 

gj manner, die amount of radial expansion provided by the apparatus may be decreased 

g following the removal ofthe over-expansion sleeve 130. 

^ An expansion cone launcher 1 35 is movably coupled to and supported by the 

10 expansion cone 1 15 and the over-expansion sleeve 130. The expansion cone launcher 
135 include an upper portion having an upper outer diameter, an intermediate portion 
that mates with the expansion cone 1 15 and the overrexpansioh sleeve 130, an a lower 
portion having a lower outer diameter. The lower outer diameter is greater than the 
upper outer diameter. A shoe 140 defining a valveable passage 1 45 is coupled to the 

15 lower portion of the expansion cone launcher 135, In a preferred embodiment, the 
valveable passage 145 may be controllably closed in order to fluidicly isolate a region 
150 below the expansion cone 115 and bounded by the lower portion of the expansion 
cone launcher 135 and the shoe 140 from the region outside of the apparatus 100. 
An expandable tubular member 155 is coupled to the upper portion ofthe 

20 expansion cone launcher 135. One or more sealing members 160a and 160b are 

coupled to the exterior of the upper portion of the expandable tubular member 155. In 
several alternative embodiments, the sealing members 160a and 160b may include 
elastomeric elements and/or metallic elements and/or composite elements. In several 
alternative embodiments, one or more anchoring elements may substituted for, or used 

25 in addition to, the sealing members 160a and 160b. 

In apreferred embodiment, the support member 105, the expansion cone 1 15, 
the expansion cone launcher 135, the shoe 140, and the expandable tubular member 
1 55 are provided substantially as disclosed in one or more ofthe following: (1) U.S. 
patent 6497289, (2) Australian patent application AU-A-16417/00, (3) U.S. patent 
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2 6823937, (4) U.S. patent 63281 13, (5) U.S. potent 6640903, (6) U.S. patent 6568471, 

O (7) U.S; patent 657S240, (8) U.S. patent 6557640, (?) UJS. patent 6604763,(10) 

VO International patent application WO 01/04535, (1 1) International patent application 

WO 01/33037, (12) U.S. patent 6564875, (13) US. patent 6695012, (14) U.S. patent 
CN 5 application US-A-2003-O 121558, (15) U.S. patent application US-A-2004-0033906, 
00 (16) U.S. patent application US-A-2003-01 16325, and (17) U.S. patent application US- 

A-2004-00457 1 8, the disclosures of which are incorporated herein by reference. 
q As illustrated in Fig. lb, in a preferred embodiment, during placement of the 

^ apparatus 100 within the wellbore 10, fluidic materials 165 within the wellbore 10 are 

10 conveyed through the apparatus 100 through the passages 110, 120 and 145 to a 
location above the apparatus 100. In this manner, surge pressures during placement of 
the apparatus 100 within the wellbore 10 are reduced. In a preferred embodiment, the 
apparatus 100 is initially positioned within the wellbore 10 such that the top portion of 
the tubular member 155 overlaps with the preexisting casing 15. In this manner, the 
15 upper portion of the expandable tubular member 155 may be radially expanded into 
contact with and coupled to the preexisting casing 15. As will be recognized by 
persons having ordinary skill in the art, the precise initial position of the expandable 
tubular member 155 will vary as a function of the amount of radial expansion, the 
amount of axial shrinkage during radial expansion, and the material properties of the 
20 expandable tubular member. 

As illustrated in Fig. lc, a fluidic material 170 may then be injected through the 
apparatus 100 through the passages 110, 120, and 145 in order to test the proper 
operation of these passages. 

As Illustrated in Fig. Id, a hardenable fluidic sealing material 175 may then be 
25 injected through the apparatus 100 through the passages 110, 120 and 145 into the 
annulus between the apparatus and the wellbore 10. In this manner, an annular barrier 
to fluid migration into and out of the wellbore 10 may be formed around the radially 
expanded expansion cone launcher 135 and expandable tubular member 155. The 
hardenable fluidic sealing material may include, for example, a cement mixture. In 
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several alternative embodiments, the injection of the hardenable fluidic sealing materia! 

q 1 75 may be omitted. In several alternative embodiments, the hardenable fluidic sealing 

NO material 1 75 is compressible, before, during and/or after, the curing process. 

^ As illustrated in Fig. le, a non-hardenable fluidic material 180 may then be injected 

(S) 5 into the apparatus through the passages 1 10 and 120. A ball plug 185, or other 

O 
00 

cs 

8 
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similar device, may than bo injected with tho fluidic material 150 to (hereby seal off tho 
passage 145. In this maimer, (he region. 150 maybe pressurized by the continued mjection 
of the fluidic material 1 80 into the apparatus 100. 

As illustrated in Fig, 1 £ the continued injection of mo fluidic material 1 80 into the 
5 apparatus 100 causes the expansion cone launcher 135 and expandable tubular member 
155 to be plastically deformed and radially expanded off of the over^expansion sleeve 130. 
In tHa manner, me expansion cone 1 15 and over-expansion sleeve 130 are displaced 
relative to the expansion cone launcher 135 and expandable tubular member 155 in the 
axial direction, ' 

10 After a predetermined time period and/or after a predetermined axial displacement 

of the expansion cone 115 relative to the expansion cone launcher 135 and expandable 
tubular member 1 55, the ove*- expansion sleeve 130 may be removed ton the outer 
conical surface 125 of the expansion cone 1 15 by the application of a predetermined 
upward shock load to the support member 1 05. lb a preferred cmb&timcnt, the shock load 

15 causes the frangible over-expansion sleeve 130 to fracture into small pieces that are then 
forced off of the outer conical surface 125 of the expansion cone 115 by the continued 
. pressurization of the region 150. In a preferred embodiment, tho pieces of the over- 
expansion sleeve 1 30 are pulverized into grains of material by the continued pressurization 
of the region 150. 

20 Referring to Fig. Ig, following the removal of the frangible over-expansion sleeve 

130, the continued pressurization of the region 150 causes the expandable tubular member 
. 155 to be plastically deformed and radially expanded and extruded off of the outer conical 
. surfece 125 of the expansion cone 1 15, Note mat the amount of radial expansion provided 
by the outer conical surface 125 of expansion cone 115 is less than the amount of radial 
25 expansion provided by the conrbtnation of the over-expansion sleeve 130 and the 
expansion cone 115. In thia manner, aailhistratedmFig. Ih, ^ 
radially expanded tubular member 155. 

After completing tho plastic deformation and radial expansion of the tubular 
member 155, the hardenable fluidic sealing material is allowed to cure to thereby form an 
30 annular body 190 mat provides a barrier to fluid flow into or out of tie wellborn 10. 

Reterring to Fig. li, the shoe 140 may then removed by drilling out the shoe using 
a conventional drilling device. A new section of the wellbore 10 may also be drilled out in 
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order to permit additional expandable tubular members to be coupled to the bottom 

q portion of the plastically deformed and radially expanded tubular member 155. 

Referring to Fig. lj, a tubular member 200 may then be plastically deformed 

. and radially expanded using any number of conventional methods of radially 

(S) 5 expanding a tubular member. In a preferred embodiment, the upper portion of the 
© 

00 radially expanded tubular member 200 overlaps with and mates with the recessed 

ON portion 185 of the tubular member 155. In a preferred embodiment, one or more 

q sealing members 205 are coupled to the exterior surface of the upper portion of the 

^ tubular member 200. In a preferred embodiment, the sealing members 205 seal the 

1 0 interface between the upper portion of the tubular member 200 and the recessed portion 
185 of the tubular member 155. In several alternative embodiments, the sealing 
members 205 may include elastomeric elements and/or metallic elements and/or 
composite elements. In several alternative embodiments, one or more anchoring 
elements may substituted for, or used in addition to, the sealing members 205. In a 
15 preferred embodiment, an annular body 210 of a hardenable fluidic sealing material is 
also formed around the tubular member 200 using one or more conventional methods. 

In a preferred embodiment, the tubular member 200 is plastically deformed and 
radially expanded, and the annular body 210 is formed using: one or more of the 
apparatus and methods disclosed in the following: (1) U.S. patent 6497289, (2) 
20 Australian patent application AU-A- 164 17/00, (3) U.S. patent 6823937, (4) U.S. patent 
63281 13, (5) US. patent 6640903, (6) U.S. patent 6568471, (7) U.S. patent 6575240, 
(8) U.S. patent 6557640, (9) U.S. patent 6604763, (10) International patent application 
WO 01/04535, (11) International patent application WO 01/33037, (12) U.S. patent 
6564875, (13) U.S. patent 6695012, (14) U.S. patent application US-A-2003-0121558, 
25 (15) U.S. patent application US-A-2004-0033906, (16) U.S. patent application US-A- 
2003-0116325, and (17) U.S. patent application US-A-2004-0045718, the disclosures 
of which are incorporated herein by reference. 
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In an alternative embodiment, the annular body 210 may be omitted. In several 
alternative embodiments, the annular body 210 may bo radially compressed before, 
during and/or after curing. 

Referring to Fig. Ik, an expansion cone 215 may then be driven in a downward 
direction by fluid pressure and/or by a support member 220 to plastically deform and 
radially expand the tubular member 200 such that the interior diameter of the tubular 
members 155 and 200 are substantially equal. In mis manner, as illustrated in Fig; 11, a 
mono-diameter wellbore casing may be formed. 

Referring to Figs. 2a and 2b, in an alternative embodiment, an apparatus 300 for 
radially expanding a tubular member may then be positioned within the wellbore 10. 
The apparatus 300 includes a tubular support member 305 defining a passage 310 for 
conveying fluidic materials. An expansion cone 315 defining a passage 320 and 
having an outer conical surface 325 for radially expanding tubular members is coupled 
to an end of the tubular support member 305. An annular conical over-expansion insert 
330 mates with and is removably coupled to the outer conical surface 325 of the 
expansion cone 315. 

An expansion cone launcher 335 is movably coupled to and supported by the 
expansion cone 315 and the over-expansion insert 330. The expansion cone launcher 
335 includes an upper portion having an upper outer diameter, an intermediate portion 
that mates with the expansion cone 315 and the over-expansion insert 330, an a lower 
portion having a lower outer diameter. The lower outer diameter is greater than the 
upper outer diameter. A shoe 340 defining a valveable passage 345 is coupled to the 
lower portion of the expansion cone launcher 335. In a preferred embodiment, the 
valveable passage 345 may be controllably closed in order to fluidicly isolate a region 
350 below the expansion cone 315 and bounded by the lower portion of the expansion 
cone launcher 335 and the shoe 340 from the region outside of the apparatus 300. 

In a preferred embodiment, as illustrated in Fig. 3, the over-expansion insert 330 
includes a plurality of spaced-apart arcuate inserts 330a, 330b, 330c and 330d that are 
positioned between the outer conical surface 325 of the expansion cone 315 and the 
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inner surface of the intermediate portion of die expansion cone launcher 335. In this 
q manner, the relative axial displacement of the expansion cone 315 and the expansion 

VD cone launcher 335 will cause the expansion cone to ova-expand the intermediate 

portion of the expansion cone launcher. In this manner, a recess may be formed in the 
CS 5 radially expanded expansion cone launcher 335. In several alternative embodiments, 
00 the inserts 330a, 330b, 330c, and 330d fall out of die recess and/or are removed from 

ON the recess using a conventional retrieval tool upon the completion of the radial 



expansion process. 



^ In an alternative embodiment, as illustrated in Fig. 3a, the over expansion insert 

10 330 further includes intermediate resilient members 331a, 331b, 331c, and 331d for 
resiliently coupling the inserts 330a, 330b, 330c, and 330d In this manner, upon the 
completion of the radial expansion process, the resilient force exerted by the resilient 
members 331 causes the over-expansion insert to collapse in the radial direction and 
thereby fall out of the recess. 
15 An expandable tubular member 355 is coupled to the upper portion of the 

expansion cone launcher 335. One or more sealing members 360a and 360b are 
coupled to the exterior of the upper portion of the expandable tubular member 355. In 
several alternative embodiments, the sealing members 360a and 360b may include 
elastomeric elements and/or metallic elements and/or composite elements. In several 
20 alternative: embodiments, one or more anchoring elements may substituted for, or used 
in addition to, the sealing members 360a and 360b. 

In a preferred embodiment, the support member 305, the expansion cone 315, 
the expansion cone launcher 335, the shoe 340, and the expandable tubular member 
355 are provided substantially as disclosed in one or more of the following: (I) U.S. 
25 patent 6497289, (2) Australian patent application AU-A-16417/00, (3) U.S. patent 
6823937. (4) U.S. patent 63281 13, (5) U.S. patent 6640903, (6) U.S. patent 6568471, 
(7) VS. patent 6575240, (8) U.S. patent 6557640, (9) U.S. patent 6604763, (10) 
International patent application WO 01/04535, (11) International patent application 
WO 01/33037, (12) U.S. patent 6564875, (13) US. patent 6695012, (14) U.S. patent 
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application US-A-2003-0121558, (15) VS. patent application US-A-20O4-O0339O6, 
(16) U.S. patent application US-A-2003-01 16325, and (17) U.S. patent application US- 
A-2004-0045718, the disclosures of which are incorporated herein by reference. 
. As illustrated in Fig. 2b, in a preferred embodiment, during placement of the 
5 apparatus 300 within the wellbore 10, fluidic materials 365 within the wellbore 10 are 
conveyed through the apparatus 300 through the passages 3 10, 320 and 345 to a 
location above the apparatus 300. In this manner, surge pressures during placement of 
the apparatus 300 within the wellbore 10 are reduced In a preferred embodiment, the 
apparatus 300 is initially positioned within the wellbore 10 such that the top portion of 
10 the tubular member 355 overlaps with the preexisting casing 1 5. In this manner, the 
upper 
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portion of the expandable tubular member 355 maybe radially expanded into contact with 

and coupled to the preexisting casing 15. As will be recognized by persons having 
- ordinary skill in the art, the precise initial position of the expandable tubular member 355 

will vary as a function of the amount of radial expansion, die amount of axial shrinkage 
5 during radial expansion, and the material properties of the expandable tubular member. 

As illustrated in Fig. 2o» a fluidic material 370 may then be Injected through the 

apparatus 300 through file passages 310, 320, and 345 in order to test the proper operation 

of these passages. 

As illustrated in Fig. 2d, a haidenable fluidic sealing material 375 may then be 
10 injected through the apparatus 300 through the passages 310, 320 and 345 into the annnlus 
between the apparatus and the wellbore 10. In this manner, an annular barrier to fluid 
migration into and out of the wellbore 10 may be formed around die radially expanded 
expansion cone launcher 335 and expandable tubular member 355. The haidenable fluidic 
sealing material may include, for example, a cement mixture, In several alternative 
1 5 embodiments, the injection of the hardenable fluidic sealing material 375 may be omitted, 
in several alternative embodiments, the hardenable fluidic sealing material 375 is 
compressible, before, during and/or after, the curing process. 

As illustrated in Fig, 2e, a non-hardenable flukho material 380 may then be 
injected into the apparatus through the passages 310 and 320. A ball plug 365, or other 
20 similar device, may then be injected with die fluidic material 380 to thereby seat off the 
passage 345. In this manner, the region 350 may be pressurized by (he continued injection 
of the fluidic material 380 into the apparatus 300. 

As illustrated in Fig. 2f, the continued injection of the fluidic material 380 into the 
apparatus 300 causes flu expansion cone launcher 335 to be plastically deformed and 
25 radially expanded off of the over-expansion insert 330. In this manner, the expansion cone 
3 15 is displaced relative to the expansion cone launcher 335 and expandable tubular 
member 355 in the axial direction. 

Once the radial expansion process has progressed beyond the over-expansion insert 
. 330, the radial expansion of die expansion cone launcher 335 and expandable tubular 
30 member 355 is provided solely by the outer conical surface 325 of (he expansion cone 3 15. , 
. Note that the amount of radial expansion provided by the outer conical surface 325 of 
expansion cane '315 is less than tho amount of radial expansion provided by the 



-26- 



WO 02/Z9199 



PCTfUSOl/30256 



combination of the over-expansion insert 330 and the expansion cone 31 S. . hi Hub manner, 
as illustrated in Pig. 2& a recess 390 is formed in tho radially expanded tubular member 
351 

In several alternative embodiments , the over-expansion insert 3 30 is removed from 
5 tho recess 390 by falling out and/or removal using a conventional retrieval tool man 
alternative embodiment, the resilient force provided by Che resilient members 331a, 331b, 
331c, and 331d cause the insert 330 to collapse in the radial direction and thereby fill out 
of the recess 390. In an alternative embodiment, as illustrated in Fig. 4, one or more 
. resilient hooks 395a and 395b are coupled to the bottom of the expansion cone 315 for 
10 retrieving die over-expansion insert 330 during or after the completion of the radial 
expansion process. . . 

After completing the plastic deformation and radial expansion of the tubular 
member 355, the hart! enable fhiidic sealing material is allowed to cure to thereby form an 
annular body 400 that provides a barrier to fluid flow into or. out of the wellborc 10. 
15 Referring to Fig. 2h, the shoe 340 may then removed by drilling out the shoe using 

a conventional drilling device. A new section of the wellborn 10 may also be drilled out in 
order to permit additional expandable tubular members to be coupled to the bottom portion 
of the plastically deformed and radially eioianded tabular member 355. 

Referring to Fig. 2j, a tubular member 405 may then be plastically deformed and 
20 radially expanded using any number of conventional methods of radially expanding a 
tubular member. In a preferred embodiment, the upper portion of the radially expanded 
tubular member 405 overlaps with and mates with the recessed portion 390 of the tubular 
member 355. m a preferred embodiment, one or more sealing members 410 are coupled to 
the exterior surface of the upper portion of the tubular member 405. In a preferred 
25 embodiment, the sealing members 410 seal the interface between the upper portion of the 
tubular member 405 and the recessed portion 390 of the tubular member 355. m several 
alternative embodiments, the sealing members 410 may include eJastorrteric elements 
end/or metallic elements and/or composite elements. Id several alternative embodiments, 
one ox more anchoring elements may substituted for, or used in addition to, the sealing 
30 members 410. m a preferred embodiment, an annular body 415 of a hardenable fluidic 
sealing rnatcrial is also termed around the tubular member 405 using one or more 
conventional methods. 
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In a preferred embodiment, the tubular member 405 Is plastically deformed and 
radially expanded, and the annular body 415 is formed using one or more of the 
apparatus and methods disclosed in the following: (1) U.S. patent 6497289, (2) 
Australian patent application AU-A-16417/00, (3) U.S. patent 6823937, (4) U.S. patent 
6328113, (5) U.S. patent 6640903, (6) U.S. patent 6568471, (7) U.S. patent 6575240, 
(8) U.S. patent 6557640, (9) UJS. patent 6604763, (10) International patent application 
WO 01/04535, (11) International patent application WO 01/33037, (12) U.S. patent 
6564875, (13) U.S. patent 6695012, (14) U.S. patent application US-A-2003-O121558, 
(15) U.S. patent application US-A-2004-0033906, (16) U.S. patent application US-A- 
2003-0116325, and (17) U.S. patent application US-A-2004-0045718, the disclosures 
of which are incorporated herein by reference. 

In an alternative embodiment, the annular body 415 may be omitted. In several 
alternative embodiments, the annular body 415 may be radially compressed before, 
during and/or after curing. 

Referring to Fig; 2j, an expansion cone 420 may then be driven in a downward 
direction by fluid pressure and/or by a support member 425 to plastically deform and 
radially expand the tubular member 405 such that the interior diameter of the tubular 
members 355 and 405 are substantially equal. In this manner, as illustrated in Fig. 2k, 
a mono-diameter wellbore casing may be formed. 

Referring to Figs 5a-5b, in an alternative embodiment, a tubular member 500 
having a shoe 505 may be plastically deformed and radially expanded and thereby 
coupled to the preexisting section of wellbore casing 15 using any number of 
conventional methods. An annular body of a fluidic sealing material 510 may also be 
formed around the tubular member 500 using any number of conventional methods* In 
a preferred embodiment, the tubular member 500 Is plastically deformed and radially 
expanded and the annular body 510 is formed using one or more of the methods and 
apparatus disclosed in one or more of the following: (1) U.S. patent 6497289, (2) 
Australian patent application AU-A-1 64 17/00, (3) U.S. patent 6823937, (4) U.S. patent 
6328113, (5) US. patent 6640903, (6) U.S. patent 6568471, (7) U.S. patent 6575240, 
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(8) U.S. patent 6557640, (9) U.S. patent 6604763; (10) International patent application 
WO 01/04535; (11) International patent application WO 01/33037, (12) U.S. patent 
6564875, (13) U.S. patent 6695012, (14) U.S. patent application US-A-20034121558, 
(15) U.S. patent application US-A-2004-0033906, (16) U.S. patent application US-A- 
2003-0116325, and (17) U.S. patent application US-A-2004-0045 7 18, the disclosures 
of which are Incorporated herein by reference. 

In several alternative embodiments, the annular body 510 may be omitted or 
may be compressible before, during, or after curing. 

Referring to Figs. 5c and 5d, a conventional inflatable bladder 515 may then be 
positioned within the tubular member 500 and inflated to a sufficient operating 
pressure to plastically deform and radially expand a portion of the tubular member to 
thereby form a recess 520 in the tubular member. 

Referring to Figs. 5e and 5f, the inflatable bladder 515 may then be removed 
and the shoe 505 drilled out using a conventional drilling device. 

Referring to Fig. 5g, an additional tubular member 525 may then be plastically 
deformed and radially expanded in a conventional manner and/or by using one or more 
of the methods and apparatus described above in order to form a mono-diameter 
wellbore casing. Before, during or after the radial expansion of the tubular member 
525, an annular body 530 of a fluidic sealing material may be formed around the 
tubular member in a conventional manna* and/or by using one or more of the methods 
and apparatus described above. 

In several alternative embodiments, the inflatable bladder 515 may be coupled 
to the bottom of an expansion cone in order to permit die over-expansion process to be 
performed during the radial expansion process implemented using the expansion cone. 

Referring to Figs 6a-6b, in an alternative embodiment, a tubular member 600 
having a shoe 605 may be plastically deformed and radially expanded and thereby 
coupled to the preexisting section of wellbore casing 15 using any number of 
conventional methods. An annular body of a fluidic sealing material 610 may also be 
formed around the tubular member 600 using any number of conventional methods. In 
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a preferred embodiment, the tubular member 600 is plastically deformed and radially 
O expanded and the annular body 610 is formed using one or more of the methods and 

q apparatus disclosed In one or more of the following: (1) U.S. patent 6497289, (2) 

Australian patent application AU-A- 164 17/00, (3) U.S. patent 682393*, (4) U.S. patent 
g 5 6328113, (5) US. patent 6640903, (6) U.S. patent 6568471, (7) U.S, patent 6575240, 
°° (8) U.S. patent 6557640, (9) U.S. patent 6604763, (10) International patent application 

WO 01/04535, (11) International patent application WO 01/33037, (1.2) U.S. patent 
g 6564875, (13) U S. patent 6695012, (14) U.S. patent application US-A-2003-0121558, 

04 (15) U.S. patent application US-A-2004-0033906, (16) U.S. patent application US-A- 

10 2003-01 16325, and (17) U.S. patent application US-A-2004-00457I8, the disclosures 
of which are incorporated herein by reference. 

In several alternative embodiments, the annular body 610 may be omitted or 
may be compressible before, during, or after curing. 

Referring to Figs. 6c and 6d, a conventional roller expansion device 615 may 
15 then be positioned within the tubular member 600 and operated in a conventional 
manner apply a radial force to the interior surface of the tubular member 600 to 
plastically deform and radially expand a portion of the tubular member to thereby form 
a recess 620 in the tubular member. As will be recognized by persons having ordinary 
skill in the art, a roller expansion device typically utilizes one or more rollers that, 
20 through rotation of the device, apply a radial force to the interior surfaces of a tubular 
member. In several alternative embodiments, the roller expansion device 615 may 
inciude eccentric rollers such as, for example, as disclosed in U.S. Pat Nos. 5,014,779 
and 5,083,608, the disclosures of which are incorporated herein by reference. 

Referring to Fig?. 6d and 6e, the roller expansion device 615 may then be 
25 removed and the shoe 605 drilled out using a conventional drilling device. 

Referring to Fig. 6f, an additional tubular member 625 may then be plastically 
deformed and radially expanded in a conventional manner and/or by using one or more 
of the methods and apparatus described above in order to form a mono-diameter 
wellbore casing. Before, during or after the radial expansion of the tubular member 
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625, an annular body 630 of a fluidic sealing material may be formed around the 
tubular member In a conventional manner and/or by using one or more of the methods 
and apparatus described above. 

In several alternative embodiments, the roller expansion device 615 may be 
5 coupled to the bottom of an expansion cone in order to permit the over-expansion 
process to be performed during the radial expansion process implemented using the 
expansion cone. 

Referring initially to Fig. 7a, a wellbore 10 includes a preexisting wellbore 
casing 15. The wellbore 10 may be oriented in any orientation from the vertical to the 

10 horizontal. The preexisting wellbore casing 15 may be coupled to the upper portion of 
the wellbore 10 using any number of conventional methods. In a preferred 
embodiment, the wellbore casing 15 is coupled to the upper portion of the wellbore 10 
using one or more of the methods and apparatus disclosed in one or more of the 
following: (1) U.S. patent 6497289, (2) Australian patent application AU-A-1 64 17/00, 

15 (3) UlS. patent 6823937, (4) U.S. patent 6328113, (5) U.S. patent 6640903, (6) U.S. 
patent 6568471, (7) U.S. patent 6575240, (8) U.S. patent 6557640, (9) U.S. patent 
6604763, (10) International patent application WO 01/04535, (1 1) International patent 
application WO 01/33037, (12) U.S. patent 6564875, (13) U.S. patent 6695012, (14) 
U.S. patent application US-A-2003-0121558. (15) U.S. patent application US-A-2004- 

20 0033906, (16) U.S. patent application US-A-2003-0 116325, and (17) US. patent 
application US-A-2004-00457L8, the disclosures of which are incorporated herein by 
reference. More generally, the preexisting wellbore casing 15 may be coupled to 
another preexisting wellbore casing and/or may include one or more concentrically 
positioned tubular members. 

25 Referring to Fig. 7b, an apparatus 700 for radially expanding a tubular member 

may then be positioned within the wellbore 10. The apparatus 700 includes a tubular 
support member 705 defining a passage 710 for conveying fluidic materials. An 
expansion cone 7K5 defining a passage 720 and having an outer conical surface 725 for 
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radially expanding tubular members is coupled to an end of the tubular support 
q member 705. 

vo An expansion cone launcher 735 is movably coupled to and supported by the 

expansion cone 715. The expansion cone launcher 735 includes an upper portion 735a 

<N 5 having an upper outer diameter, an intermediate portion 735b that mates with the 
O 

00 expansion cone 715, and a lower portion 735c having a lower outer diameter. The 

ON lower outer diameter is greater than the upper outer diameter. The expansion cone 

q launcher 735 further includes a recessed portion 735d having an outer diameter that is 

^ less than the lower outer diameter. 

10 A shoe 740 defining a valveable passage 745 is coupled to the lower portion of 

the expansion cone launcher 735. In a preferred embodiment, the valveable passage 
745 may be controllably closed in order to fluidicly isolate a region 750 below the 
expansion cone 715 and bounded by the lower portion 735c of the expansion cone 
launcher 735 and the shoe 740 from the region outside of the apparatus 700. 
15 An expandable tubular member 755 is coupled to the upper portion 735a of the 

expansion cone launcher 735. One or more sealing members 760a and 760b may be 
coupled to the exterior of the upper portion of the expandable tubular member 755. In 
several alternative: embodiments, the sealing members 760a and 760b may include 
elastomeric elements and/or metallic elements and/or composite elements. In several 
20 alternative embodiments, one or more anchoring elements may substituted for, or used 
in addition to, the sealing members 760a and 760b. 

In a preferred embodiment, the support member 705, the expansion cone 715, 
the expansion cone launcher 735, the shoe 740, and the expandable tubular member 
755 are provided substantially as disclosed in one or more of the following: (1) U.S. 
25 patent 6497289, (2) Australian patent application AU-A- 164 17/00, (3) U.S. patent 
6823937, (4) U.S. patent 63281 13, (5) U.S. patent 6640903, (6) U S. patent 6568471, 
(7) U.S. patent 6575240, (8) U.S. patent 6557640, (9) U.S. patent 6604763, (10) 
International patent application WO 01/04535, (11) International patent application 
WO 01/33037, (12) U.S. patent 6564875, (13) U.S. patent 6695012, (14) U.S. patent 
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application US-A-20034121558, (15) UJS. patent application US-A-2OO4-00339O6, 

Q (16) U.S. patent application US-A-2003-0116325,and (17) U.S. patent application US- 

VO A-2004-0045718, the disclosures of which are incorporated herein by referaice. 

As illustrated in Fig. 7b, in a preferred embodiment, during placement of the 

(N 5 apparatus 700 within the wellbore 10, fluidic materials 765 within die wellbore 10 are 
O 

00 conveyed through the apparatus 700 through the passages 710, 720 and 74S to a 

. . . 

ON location above the apparatus 700. In this manner, surge pressures during placement of 

g die apparatus 700 within the wellbore 10 are reduced. In a preferred embodiment, the 

^ apparatus 700 is initially positioned within the wellbore 10 such that the top portion of 

10 the tubular member 755 overlaps with the preexisting casing 15. In this manner, the 
upper portion of the expandable tubular member 755 may be radially expanded into 
contact with and coupled to the preexisting casing 15. As will be recognized by 
persons having ordinary skill in the art, the precise initial position of the expandable 
tubular member 755 will vary as a function of the amount of radial expansion, the 
15 amount of axial shrinkage during radial expansion, and the material properties of the 
expandable tubular member. 

As illustrated in Fig. 7c, a fluidic material 770 may then be injected through the 
apparatus 700 through the passages 710, 720, and 745 in order to test the^proper 
operation of these passages. 
20 As illustrated in Fig. 7d, a hardenable fluidic sealing material 775 may then be 

injected through the apparatus 700 through the passages 710, 720 and 745 into the 
annulus between the apparatus and the wellbore 10. In this manner, an annular barrier 
to fluid migration into and out of the wellbore 10 may be formed around the radially 
expanded expansion cone launcher 735 and expandable tubular member 755. The 
25 hardenable fluidic sealing material may include, for example, a cement mixture. In 
several alternative 
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embodiments, the injection of tfao hazdenablo fhiiific scaling material 775 may be omitted. 
In several alternative embodiments, (ho hardcnable fluidio sealing material 775 is 
compressible, before, daring and/or after, the curing process. 

As illustrated in Kg. 7c, a oon-hardenablo Acidic material 780 may then be 
5 injected into the apparatus through the passages 710 and 720. A ball plug 785, or other 
similar device, may then be injected with mo fluidio material 780 to thereby seal off the 
passage 745. In this manner, the region 750 may be pressurized by the continued injection 
of the fltridic material 780 into the apparatus 700. 

As illustrated in Figs. 7f and 7g, the continued injection of die fluidic material 780 
10 into the apparatus 700 causes mo expansion cone launcher 735 and expandable tubular 
member 755 to be plastically deformed and radially expanded off of the expansion cone 
715. Tho resulting structure includes a lip 790. 

After completing tho plastic deformation and radial expansion of the tubular 
member 755, the hardenable fluidic sealing material is allowed to cure to thereby form an 
1 5 annular body 795 that provides a barrier to fluid flow into or out of the wellbore 10. 

Referring to Fig. 7h, the shoe 740 may men removed by drilling out the shoe using 
a conventional drilling device, Anew sectionof the wellbore 10 may also be drilled out in 
order to permit additional expandable tubular members to be coupled to the bottom portion 
of the plastically deformed and radially expanded tubular member 755. 
20 Referring to Fig. 7i, an additional tubular member 800 may then bo plastically 

deformed and radially expanded in a conventional manner and/or by using one or more of 
the methods and apparatus described above in order to form a mono-diameter wellbore 
casing. Before, during or after the radial expansion of the tubular member 800, an annular 
body 805 of a fluidic sealing material maybe formed around tho tubular member in a 
25 conventional manner and/or by using one or more of the methods and apparatus described 
above. In a preferred embodiment, the Hp 790 facilitate! tho coupling of tbo tubular 
member 800 to the tubular member 755 by providing a region on which the tubular 
member 800 maybe easily coupled onto. 

Referring to Fig. 8a^^ 

30 preexisting section of wellbore casing 15 and 900. The wellbore wing 900 includes 
scaling members 905a and 905b airi a recess 910. An annular body 91 5 of a fluidic 
sealing material may also bo provided around the casing 900. The casing 900 and annular 
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body 915 may be provided using any number of conventional methods, the methods 
described above, and/or using one or more of the methods disclosed in the following: 
(1) U.S. patent 6497289, (2) Australian patent application AU-A- 164 17/00, (3) U.S. 
patent 6823937, (4) U.S. patent 6328113, (5) U.S. patent 6640903, (6) U.S. patent 
6568471, (7) U.S. patent 6575240, (8) U.S. patent 6557640, (9) U.S. patent 6604763, 
(10) International patent application WO 01/04535, (11) International patent 
application WO 01/33037, (12) U.S. patent 6564875, (13) U.S. patent 6695012, (14) 
U.S. patent application US-A-2003-0121558, (15) U.S. patent application US-A-2004- 
0033906, (16) U.S. patent application US-A-2003-01 16325, and (17) U.S. patent 
application US-A-2004-0045718, the disclosures of which are incorporated herein by 
reference. 

Referring to Fig. 8b, an apparatus 1000 for radially expanding a tubular member 
is then positioned within the wellborc 10 that includes a tubular support member 1005 
that defines a passage 1010 for conveying fluidic materials. A hydraulic locking 
device 1015 that defines a passage 1020 for conveying fluidic materials that is fluidicly 
coupled to the 
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passage 1010.. The locking device 1015 further includes inlet passages, 1020a and 1020b, 
actuating chambers, 1025a and 1025b, awl locking members, 1030a and 1030b, During 
operation, the injection of flnidtc materiali into the actuating chambers, 1025a and 1025b, 
causes the locking members, 1030a and 1030b, to be displaced outwardly in the radial 
5 direction. In thia manner, the looting device 1015 may be oontrollabry coupled to a 
tubular member to thereby maintain the tabular member in a substantially stationary 
position. As wiH bo recognized by persons having ordinary skill in (ho art, the operating 
pressures and physical shape of the inlet passages 1020, actuating chambers 1 025, and 
locking members 1030 will determine the maximum amount of holding force provided by 
10 the locking device 1015. In several alternative embodiments, fluidic materials may be 
injected into tho locking device 1015 using a dedicated fluid passage in order to provide 
precise control of the locking device. In several alternative embodiments, tho locking 
device 1015 may be omitted and the tubular support member 1 005 coupled directly to the 
tubular support member 1035. 
1 5 One end of a tubular support member 1035 that defines a passage 1040 is coupled 

to the locking device 1015. The passage 1040 is fluidioly coupled to the passage 1020. 
An expansion cone 1045 that defines a passage 1050 and includes ah outer conical surface 
1055 is coupled to another end of the tubular support member 1035. An expansion cone 
launcher 1060 is znovably coupled to and supported by the expansion cone 1 04S. The 
20 expansion cone launcher 1 060 includes an upper portion 1060a having an upper outside 
diameter, an mtermediate portion 1060b that mates with the expansion cone 1045, and a 
lower portion 1060c having a lower outside diameter. The lower outside diameter is 
greater than the upper outside diameter. 

A shoe 1065 that defines a valveable passage 1 070 is coupled to the lower portion 
25 1060c of the expansion cone launcher 1060. In mis manner, a region 1075 below the 

expansion cone 1045 and bounded by the expansion cone launcher 1060 and the shoe 1065 
may be pressurized and iMdicty isolated from the annular region between the apparatus 
1000 and the wellborn 10. 

An expandable tubular member 1080 is coupled to the upper portion of the 
30 expansion cone launcher 1060. In several alternative embodiments, one or more sealing 
members are coupled to the exterior of the upper portion of the expandable tubular 
member 1080. In sevaul alternative embodiments, the sealing members may include 
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elastomeric elements and/or metallic elements and/or composite elements. In several 
o 

Q alternative embodiments, one or more anchoring dements may substituted for, or used 

in addition to, the sealing members. 

An expansion cone 1085 defining a passage 1090 for receiving the tubular 

g 5 support member 1005 includes an outer conical surface .1095. A tubular support 

oo member 1 100 defining a passage 1 105 for receiving the tubular support member 1005 

St 

£Q is coupled to the bottom of the expansion cone 1085 for supporting and actuating the 



expansion cone. 



g 

£s In a preferred embodiment, the support members 1005 and 1035, the expansion 

10 cone 1045, the expansion cone launcher 1060, the shoe 1065, and the expandable 
tubular member 1080 are provided substantially as disclosed in one or more of the 
following; (1) U.S. patent 6497289, (2) Australian patent application AU-A- 164 17/00, 
(3) US. patent 6823937, (4) U.S. patent 6328113, (5) U.S. patent 6640903, (6) U.S. 
patent 6568471, (7) U.S. patent 6575240, (8) U.S. patent 6557640, (9) U.S. patent 
15 6604763, (10) International patent application WO 01/04535, (1 1) International patent 
application WO 01/33037, (12) U.S. patent 6564875, (13) U.S. patent 6695012, (14) 
U.S. patent application US-A-2003-0121558, (15) U.S. patent application US-A-2004- 
0033906, (16) U.S. patent application US-A-2003-01 16325, and (17) U.S. patent 
application US-A-2004-0045718, the disclosures of which are incorporated herein by 
20 reference. 

As illustrated in Fig. 6b, in a preferred embodiment, during placement of the 
apparatus 1000 within the wellbore 10, fluidic materials 1110 within the wellborn 10 
are conveyed through the apparatus 1000 through the passages 1010, 1020, 1040 and 
1070 to a location above the apparatus 1000. In this manner, surge pressures during 
25 placement of the apparatus 1000 within the wellbore 10 are reduced. In a preferred 
embodiment, the apparatus 1000 is initially positioned within the wellbore 10 such that 
the top portion, of the tubular member 1080 overlaps with the recess 910 of the 
preexisting casing 900. In this manner, the upper portion of the expandable tubular 
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member 1080 may be radially expanded into contact with and coupled to the recess 910 
of the preexisting casing 900. 

As illustrated in Fig. 8c, a fluidic material 1 1 15 may then be injected through 
the apparatus 1000 through the passages 1010, 1020, 1040, and 1070 in order to test the 
proper operation of these passages. 

As illustrated in Fig. 8d, a hardenable fluidic sealing material 1 120 may then be 
injected through the apparatus 1000 through the passages 1010/ 1020, 1040, and 1070 
into the annulus between the apparatus and the wellbore 10. In this manner, an annular 
barrier to fluid migration into and out of the wellbore 10 may be -formed around the 
radially expanded expansion cone launcher 1060 and expandable tubular member 
1080. The hardenable fluidic sealing material may include, for example, a cement 
mixture. In several alternative embodiments, the injection of the hardenable fluidic 
sealing material 1120 may be omitted. In several alternative embodiments, the 
hardenable fluidic sealing material 1120 is compressible, before, during and/or after, 
the curing process. 

As illustrated in Fig. 8e, a non-hardenable fluidic material 1125 may. then be 
injected into the apparatus 1000 through the passages 1010, 1020 and 1040. A ball 
plug 1 130, or other similar device, may then be injected with the fluidic material 1 125 
to thereby seal off the passage 1070. In this manner, the region 1075 may be 
pressurized by the continued injection of the fluidic material 1 125 into the apparatus 
1000. Furthermore, in this manner, the actuating chambers, 1025a and 1025b, of the 
locking device 1015 may 
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be pressurized In this maimer, the tubular member 1080 miy bo held in ft substantially 
stationary position by (he locking device 1015. 

: As fltostrated in Fig. 8£ the expansion cone 10&5 may flian bo actuated in tiie 
downward direction by a direct application of axial force using (ho support member 1 100 
5 andVor through the application of fluid force The axial displacement of the expansion 
cone 1 085 may plastically deform and radially expand the upper portion of the expandable 
tubular member 1080, In this manner, the upper portion of the expandable tubular 
member 1080 may be precisely coupled to the recess 910 of the preexisting casing 900, 
During the downward actuation of the expansion cone 1085, the locking member 
10 1015 preferably prevents axial displacement oftle tubular member 1080. In a preferred 
' embodiment, the looking member 1015 is positioned proximate the upper portion of the 
tubular member 1080 in order to prevent buckling of (he tubular member 1080 during the 
radial expansion of the upper portion of the tubular member. In an alternative 
embodiment, the locking member 1015 is omitted and the interference between me 
1 5 intermediate portion* 1 060b of the expansion cone launcher 1 060 and the expansion cone 
1045 prevents the axial displacement of the tubular member 1080 during the radial 
expansion of the upper portion of the tubular member. 

As illustrated in Fig. 8g, the expansion cone 1085 and 1 100 may then be raised out 
oftiiewellborelO. 

20 As illustrated in Fig. 8h, the continued injection of the. fluidic material 1 125 into 

the apparatus 1000 may then cause the expansion cone launcher 1060 and die expandable 
tubular member 1080 to be plastically deformed and radially expanded off of the 
expansion cone 1 045. In (his manner, die expansion cone 1 045 is displaced relative to the 
expansion cone launcher 1060 and expandable tubular member 1080 in the axial direction, 

25 In a preferred embodiment, tho axial forces created during the radial expansion process are 
greater than the axial farces generated by tho locking device 1015. As will be recognized 
by persons having ordinary 

forces will vary as a function of tho operating characteristics of the bcking device 1015 
and the metallurgical properties of tiie expansion cone launcher 1060 arid expandable 
30 tubular 1080. in an alternative embodiment, the operating pres sures of the actuating 

chambers, 1025a and 1025b, and the region 1075 arc tcpamtely controllable by providing 
separate and dedicated fluid passages for preasuiizing each. 
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As illustrated in Pig. 8i, after completing the plastic deformation and radial 
coyanrion of the tabular member 1080, the hmricnahlo fluidic sealing material is allowed 
to cure to thereby fimn an annular body 1 130 that provides a barrier to fluid flow into or 
out ofthe wellborn 10. The shoo 1065 may then removed by drilling out the shoe using a 
5 conventional druUingdevico. A new section of the wellbore 10 may also be drilled out in . 

ocder to permit additional expandable tubular members to be coupled to (he bottom portion 
. of the plastically defamed and radially expanded tubular member 1080. 

In an alternative embodiment, the annular body 1 130 maybe omitted Inieveral 
alternative embodiments, the annular body 1 130 may bo radialiy compressed before, 
10 during and/or after curing. 

Referring to Fig. 8j, the tubular member 1080 may be radially expanded again 
using one or more of the methods described above to provide an mono-diameter wellbore 
casing. 

Referring to Fig. 9a, a wellbore 1200 includes an upper preexisting casing 1205 
15 arid a lower preexisting casing 1210. The casings, 1205 and 1210, may rurtfaer include 
outer annular layers of fluidic sealing materials such as, far example, cement The ends of 
the casings, 1205 and 12 10, are separated by a gap 1215. 

Referring to Fig 9b, a tubular member 1220 may (hen be coupled to the opposing 
ends of the casings, 1205 and 1210, to thereby bridge the gap 1215. In a preferred 
20 embodiment, die tubular member 1 220 is coupled to the opposing ends of the casings, 
1205 and 1210, by plastically deforming and radially expanding the tubular member 1220 
using one or more of the methods and apparatus described and referenced above. 

Referring to Fig. 9c, a radial expansion device 1225 may then be positioned within : 
the tubular member 1220. In a preferred embodiment, the length of the radial expansion 
25 device 1225 is greater than or equal to the axial length of the tubular member 1220. In 
several alternative embodiments, the radial expansion device 1 225 may be any number of 
conventional radial expansion devices such as, for example, expansion cones actuated by 
hydraulic and/or direct axial force, roller expansion devices, and/or expandable hydraulic 
bladders. 

30 Referring to Figs. 9d and 9e, after actuation and subsequent dc-actaation and 

removal of the radial expansion devico 1225, the inside diameters of the casings, 1205 and 
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1210, an substantially equal to the inside diameter of the tubular member 1220. In (his 
manner, a mano-diametcr wellboro casing may be formed. 

Referring to Fig. 10, a wellbore 1300 includes an outer tubular member 1305 and 
en inner tubular member 1 3 10. In a preferred embodiment, (he tubular members, 1305 and 
5 1310, arc plastically deformed arid radially expand using one or more of me methods 
and apparams described and referenced above* In this manner, a wellborn casing may bo 
provided whose burst and collapse streugm may bo precisely controlled by varying tho 
number, thickness, and/or material properties of the tubular members, 1305 and 1310. 
Referring to Fig. 11a, aweHboro 1400 includes a casing 1405 mat is coupled to a 
10 preexisting casing- 1410. In a prefarod embodiment, one or more sealing members 1415 
are coupled to the exterior of the upper portion of the tubular member 1405 in order to 
optimally seal the interface between the tubular member 1405 and tho preexisting casing 
1410. Id a preferred embodiment, the tubular member 1405 is plastically deformed end 
radially expanded using conventional methods and/or one or more of the methods and 
15 apparatus described and referenced above. In an exemplary embodiment, (he outside 

diameter of the tubular member 1405 prior to the radial expansion process is ODq, the wall 
thickness of the tubular member 1405 prior to the radial expansion process is t^ the 
outside diameter of the tubular member following the radial expansion process is ODj, end 
the wall thickness of the tubular member following the radial expansion process is t,. 
20 Referring to Fig. 1 lb, a tubular member 1420 may then be coupled to the lower 

portion of the tubular member 1405 by plastically deforming and radially expanding the 
tubular member 1420 using conventional methods and/or one or more of the methods and 
apparatus described and referenced above. In a preferred embodiment, (he exterior surface 
of the upper portion of the tubular member 1420 includes one or more sealing members for 
25 sealing the interface between the tubular member 1420 and the tubular member 1405. 

Referring to Fig. lie, lower portion of the tubular member 1405 and the tubular 
member 1420 may be radially expanded again to provide a mono-diamctcr wellboro 
casing. The additional radial expansion maybe provided using conventional methods 
and/or one or more of the methods and apparatus described and referenced abovo. La an 
30 exemplary embodiment, the outside diameter and wall thickness of the lower portion of 
the tubular member 1405 alter the additional radial expansion process ere OD 2 andtj. 
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Tho radial expansion process of Figs, llb-1 Ic can then be repeated to provide a 
mono-diameter wellbore casing of virtually unlimited length. 

In several alternative cmixxtimenta, the ordering of the radial expansions of the 
tubular members, 1405 and 1420, may be changed. For example, the first tubdar member 
5 1405 may bo plastically deformed and radially expanded to provide a lower portion having 
the outside diameter ODj and the remaining portion having the outside diameter OD t . The 
tubular member 1420 may then be plastically deformed and radially expanded one or more 
times until the inside diameters of me tabular members, 1405 and 1420, are substantially 
equal The plastio deformations and radial expansions of the tubular members, 1405 and 
1 0 1420, may bo provided using conventional methods and/or one or more of the methods and 
apparatus described and referenced above. 

la an exemplary embodiment, the total expansion strain £ of the tubular member 
1405 may be expressed by the following equation: 

E = (OI\-OD 0 )/OD 0 (1) 

15 where QD 0 - original outside diameter, 

OD, = outside diameter after l - radial expansion; and 
ODa *» outside diameter after 2* radial expansion. 
Furthermore, in an exemplary embodiment, where: (1) the exterior surface of the 
upper portion of (he tubular member 1420 includes sealing membera, and (2) the radial 
- 20 sparing between the tubular member 1405 and the wellbore 1 400 prior to the first radial 
.. expansion is equal to d, the outside diameters, ODj and OD^, of the tubular member 1405 
following the first and second radial expansions may be expressed as: 

OI\ = ODi + 2d+2t y (2) 
OD> = Oi} + 2/*+2f 2 (3) 

whore OD e = the original outside diameter of the tubular member 1405; 
25 ODj - the outside diameter of the mbular member 1405 

following the first radial expansion; 
ODj - the outside diameter of the tubular member 1405 

following (he second radial expansion; 
d °» the radial spacing between the tubular member 1405 
30 and the wellbore prior to the first radial expansion; 
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tj tho wall thickness of the tubular member 1405 after 

tfao first radial expansion; 
tj = . the wall thicloiess of me tabular member 1405 after 
tho second radial expansion; and ' 
5 R - the thickness of sealing member provided an tho 

exterior surface of the tubular member 1420. 
Furmermoro, in an exemplary canbodimcnt, for d approximately equal to 0-25 
indies and R armixndmately equal to 0.1 inches, equation (1) can be approximated as; 

£=(ar+3.7/ 0 )/OD 0 (4) 

10 where tg = the original wall thickness of the tubular member 

1405. 

In an exemplary embodiment, the total expansion strain of the tubular member 
1405 should bo less than or equal to 0.3 in order to maximize the burst and collapse 
strength of the expandable tubular member. Therefore, from equation (4) the ratio of the 
1 5 original outside diameter to the original wall thickness (Otyto) may be expressed as: 

OD 0 /t 0 *3X/(03-Q.7/ODd (5) 

Thus, in a preferred embodiment, for OD 0 less than 10 inches, the optimal ratio of 
me original outside diameter to me origmM 

OD 0 /t 0 l 16 (6) 

20 m mis manner, for typical tubular members, the burst and collapse strength of the 

tubular members following one or more radial expansions are maximized when the 
relationship in equation (6) is satisfied. Furthermore, the relationships expressed in 
equations (1) through (6) are valid regardless of the order or type of the radial expansions 
of the tubular member 1405. Mare generally, the relationships expressed in equations (1) 

25 through (6) maybe applied to the radial expansion of structures having a wide range of 
profiles such as, for example, triangular, rectangular, and oval 

An apparatus for plastically defbnning and radially expanding a tubular member 
has been described mat inemdea means for plastically deforming and radially expanding a 
first portion of the tubular member to a first outside diameter, and means for plastically 

30 deforming and radially expanding a second portion of the tubular member to a second 
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outside diam ete r. In a preferred embodim ent, the first outside diameter is greater than the 
* second outside dmm fa r« ^ n a preferred embodiment, the means for plasti cally dcf bnm n^ 
and radially expanding the first portion of the tubular member to the first outside diameter 
is removable. In a pxefsired embodiment, the means for plastically deforming and radially 
5 expanding tho first portion of tho tubulnr member to the first outside diameter is frangible. 
In a preferred embodiment, the means for plastically deforming and radially expanding the 
first portion of the tubular member to the first outside diameter is elastic. In a preferred 
embodiment, the means for plastically deforming and radially expanding the first portion 
of the tubular member to the first outside diameter includes means for applying a radial 
10 force to the first portion of the tubular member. In a preferred embodiment, the means for 
plastically deforming and radially expanding the first portion of the tubular member to the 
first outside diameter is inflatable, m a preferred embodiment, the means for plastically 
deforming and radially expanding the first portion of the tubular member to the first 
outside diameter includes rolling means for applying radial pressure to the first portion of 
IS the tubular member. 

An apparatus for plastically deforming and radially expanding a tubular member 
has also been described that includes a tubular support member including a first fluid 
passage, an expansion cone coupled to tho tubular support member having a second fluid 
passage fluidicry coupled to the first fluid passage and an outer conical surface, a 
20 removable annular conical sleeve coupled to the outer conical surface of the expansion 
cone, an annular expansion cone launcher coupled to the conical sleeve and a lower 
portion of the tubular member, and a shoe having a valveable passage coupled to an end of 
the expansion cone launcher. Id a referred embodiment, the conical sleeve is frangible. 
. ■ In a preferred embodiment, the conical sleeve is clastic. In a preferred embodiment, the 
25 conical sleeve includes a plurality of arcuate elements. 

A method of plastically deforming and radially expanding a tubular member has 
also been described that includes plastically deforming and radially exp andi ng a portion of 
the tubular member to a first outside diameter, and plastically deforming and radially 
expanding another portion of the tubular member to a second outside diameter. In a 
30 preferred embodiment, the first diameter is greater than the second diameter. In a . 
pr e f erred embodiment, plastically deforming and radially expanding tho portion of the 
tubular member includes applying a radial force to the portion of the tubular member using 
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a conical sleeve In a preferred conbodimoat, conical sleeve is frangible. In a preferred 
embodiment, the conical above is elastic. In a preferred embcwlimcnt, the conical sloeve 
includes a plurality of arcuate dements. In i preferred embodiment, plastically ^forming 
and radially c^andingtbe 
5 to the portion of (he tubular member using an inflatable bladder. In a preferred 
embodiment, plastically deforming and radially expanding the portion of the tabular 
number includes applying a radial force to the portion of the tabular member using a roller 
expansion device. 

A method of coupling a first tubular member to a second tubular member has also 

10 been described that includes plastically deforming and radially expanding a first portion of 
the first tubular member to a first outside diameter, plastically deforming and radially 
expanding another portion of the first tubular member to a second outside diameter, 
positioning the second tubular member inside the first tubular member in overlapping 
relation to the first portion of the first tubular member, plastically deforming and radially 

1 S expanding the second tubular member to a third outside diameter, and plastically 

defor ming and radially expanding the second tubular member to a fourth outside diameter. 
The inside diameters of the first and second tubular members after the plastic deformations 
and radial expansions are substantially equal In a preferred embodiment, the Gist outside 
diameter is greater than the second outside Diameter, mapreferred embodiment, 

20 plastically deforming and radially expanding the first portion of the first tubular member 
includes applying a radial force to the portion of the tubular member using a conical 
sleeve. In a preferred embodiment, the coined sleeve is frangible, m a preferred 
embodiment, the conical sleeve is elastic. In a preferred embodiment, the corneal sleeve 
includes a plurality of arcuate elements. In a preferred embodiment, plastically deforming 

25 and radially expanding the first portion of the first tubular member includes applying a 
radial force to (ho first portion of (he first tubular member using an inflatable bladder. Id a 
preferred embodiment, plastically d^iming and radially expanding the first portion of the 
first tubular member includes allying a radial force to the first portion of the.first tubular 
member using a roller expansion device. 

30 An apparatus for coupHrig a first tubular member to a second tuhularniemberhaa 

also been described that includes means far plastically deforming and radially expanding a 
first portion of the first tubular member to a first outside diameter, means for plastically 
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deforming and radially expanding another portion of the first tabular member to a second 
outside diameter, means for positioning the second tubular member inside the first tubular 
member in overlapping relation to the first portion of (ho first tubular member, means for 
plastically deforming and radially *rp*n*Tmg the second tubular member to a third outside 
5 diameter, and means tor plastically deforming and radially expanding the second tubular 
member to a fourth outside diamotcr. The inside diameters of the first and second tubular 
members after the plastic deformations and radial expansions are substantially equal. In a 
preferred embodiment, the first outside diameter is greater than too second outside 
diameter, m a preferred embodiment, the means tor plastically defmmmg and radially 
10 expanding the first portion of the first tubular member includes means for appr>dng a radial 
force to the portion of (he tubular member using a corneal sleeve. In a preferred 
embodiment, the conical sleeve is frangible. In a preferred embodiment, the conical sleeve 
is elastic In a preferred embodiment, the conical sleeve includes a plurality of arcuate 
elements. In a preferred embodiment, the means for plastically deforming and radially 

IS expanding the first portion of the first tubular member includes means for applying a radial 
force to the first portion of the first tubular member using an inflatable bladder. In a 
preferred embodiment, the means for plastically deforming and radially expanding the first 
portion of the first tubular member includes means tor applying a radial force to the first 
portion of the first tabular member using a roller expansion device. 

20 An apparatus tor fbnning a wcllbore casing within a wellbore has also been 

described that includes means for supporting a tubular member within the wellbore, means 
for plastically deforming and radially expanding a first portion of the tubular member to a 
first outside diameter, and means forplastically deforming and radially expanding a 
second portion of the tubular member to a second outside diameter. In a preferred 

25 embodiment, the first outsido diameter is greater than the second outside diameter, ma 
preferred embodiment, (ho means for plastically defonnmg and radially expanding the first 
portion of the tubular member to the first outside diameter is removable. In a preferred 
embodiment, the means for plastically deforming and radially expanding the first portion 
of the tubular member to the first outside diameter is frangible, ma preferred 

30 embodiment, the means for plastically deforming and radially expanding the first portion 
of the tubular member to the first outside diameter is elastic. In a preferred embodiment, 
the means for plastically deforming and radially expanding the first portion of the tubular 
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member to fee first outside diameter includes means fin* Applying a radial force to the first 
portion oftho tubular member. In a preferred embodiment, the means for plastically 
deforming and radially expanding the first portion of the tubular member to the first 
outside diameter is inflatable. In a preferred embodiment, the means for plastically 
5 deforming and radially expanding the first portion of the tubular member to the first 
outside diameter includes rolling means for applying radial pressure to the first portion of 
the tubular member, m a preferred embodiment, fbe apparatus further includes means for 
forming an annular body of a Ihridic sealing material within an annulus between me 
tubular member and the wellbore. 

10 An apparatus for forming a wellbore casing within a wellbore has also been 

described that includes a tubular support member including a first fluid passage, an 
expansion cone coupled to the tabular support member having a second fluid passage 
fluidicly coupled to the first fluid passage and an outer conical surface, a removable 
annular conical sleeve coupled to the outer conical surface of the expansion cone, an 

1 5 annular expansion cone launcher coupled to the conical sleeve and a lower portion of the 
. tabular member, and a shoe havir^ 
cone launcher, m a preferred embodiment, the conical sleeve is frangible . In a preferred 
embodiment, the conical sleeve is elastic. In a preferred embodiment, me conical sleeve 
includes a plurality of arcuate elements. 

20 A method of forming a wellburo casing within a wellbore has also been described 

that includes supporting a tubular member within a wellbore, plastically deforming and 
radially expanding a portion of the tubular member to a first outside diameter, and 
plastically deforming and radially expanding another portion of the tubular member to a 
second outside diameter, hi a preferred embodiment, the first diameter is greater than the 

25 second diameter, m a preferred embodiment, plastically deforming and radially expanding 
the portion of the tubular member includes applying a radial force to me portion of the 
tubular member using a conical sleeve, m a preferred embodiment, the conical sleeve iB 
frangible, m a preferred embodiment, the conical sleeve is elastic. In a preferred 
embodiment, the conical sleeve includes a plurality of arcuate elements. In a preferred 

30 embodiment, plastically ^forming and radially expanding the portion of the tubular 
member includes applying a radial force to the portion of the tubular member using an 
inflatable bladder. In a preferred crnrxdimcnt, plastically (kfoinring and radially 
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expanding the portion of the tubular member includes applying a radial force to tho portion 
of the tubular member using a roller expansion device. In a preferred embodiment, the 
method farther, includes injecting en annular body of a harden able fl iridic sealing material 
into on amnitua between tho tubular mombar and tho woQbora In a preferred embodiment, 
5 the method further includes curing tho annular body of hardenable fmidic sealing material. 
A method of framing a rrjono-diamctcr wcHbore casing within a weflbore has also 
boon described that includes s uppor ting a first fntmlnr member wifhm tho wellboro, 
plastically deforrning and radially expanding a first portion of tho first tubular member to a 
first outside diameter, plastically deforming and raxfially expanding another portion of tho 
10 first tubular member to a second outside diameter, positioning the second tubular member 
inside tho first tubular member in overlapping relation to tho first portion of the first 
tubular member, plastically deforming and radially expanding the second tubular member 
to a third outside diameter, and plastically deforming and radially expanding the second 
tubular member to a fourth outside diameter. The inside diameters of the first and second 

1 5 tubular members after the plastic deformations and radial expansions are substantially 
equal m a preferred embodiment the first outside diameter is greater than the second 
outside diameter. In a preferred embodiment, plastically deforming end radially expanding 
the first portion of the first tubular member includes applying a radial force to the portion 
of the tubular member using a conical sleeve. Ed a preferred embodiment, the conical 

20 sleeve is frangible. In a preferred embodiment, the conical sleeve is elastic. In a preferred 
embodiment, the conical sleeve includes a plurality of arcuate elements. In a preferred 
embodiment, plastically deforming and radially expanding the first portion of the first 
tubular member includes applying a radial force to the first portion of tho first tubular 
member using an inflatable bladder. In a preferred embodiment, plastically deforming and 

25 radially expanding the first portion of the first tubular member includes applying a radial 
force to the first portion of the first tubular member using a roller expansion device, In a 
preferred embodiment, the method further includes injecting an annular body of a 
lxardenable fhridie sealing material into an annums between the first tubular member and 
the wellborn. In a preferred embodiment, the method further includes curing the annular 

30 body of hardenable flnidic sealing material In a preferred embodiment, the method 
further includes injecting an annular body of a hardenable fmidic sealing material into an 
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annulus between tho second tubular member find the wollborc Jh a preferred embodiment, 
the method farther includes curing tho annular body ofhardenable fluidio sealing znateriaL 

An apparatus for coupling a first tubular member to a second tubals* member has 
also been described that includes means for plastically deforming and radially expanding a 
5 first portion of the first tubular member to a first outside diameter, means far plastically 
deforming and radially expanding another portion of the first tubulsr member to a second 
outside diameter, means for positioning the second tubular member inside the first tubular 
member in overlapping relation to (he first portion of the first tubular member, means for 
plastically deforming and radially expanding the second tubular member to a third outside 
1 0 diameter, and means for plastically domnmng and radially expanding me second tubular 
member to a fourth outside diameter. The inside diameters of the first and second tubular 
members after the plastic deformations and radial expansions are substantially equal m a 
preferred embodiment, the first outside diameter is greater man the second outside 
diameter. In a preferred embodiment, the means for plastically deforming and radially 
1 5 expanding the first portion of the first tubular member includes means for applying a radial 
force to trie portion of the tubular member using a conical sleeve. In a preferred 
embodiment, the conical sleeve is frangible. In a preferred embodiment, the conical sleeve 
is elastic. In a preferred embodiment, the conical sleeve includes a plurality of arcuate 
elements. In a preferred embodiment, the means for plastically deforming and radially 
20 expanding the first portion of (he first tubular member includes means for applying a radial 
force to the first portion of the first tubular member uafag an mflatable bladder. In a 
preferred embodiment, the means for plastically deforming and radially expanding the first 
portion of the first tubular member includes means for applying a radial force to the first 
portion of the first tubular member using a roller expansion device. In a preferred 
25 embodiment, the apparatus further includes means for injecting an annular body of a 
hardenable fl iridic sealing "iqi prifll into an annulua between the first tubular member and 
the wellborn. In a preferred embodiment, the apparatus former includes means for curing 
the annular body ofhardenable fluidic sealing material In a preferred embodiment, the 
apparatus further inchxdea means for injecting an annular body of a hardenable fluuiio 
30 searing material into an annulus between the second tubular member and the wellbore. In 
a preferred cmbc«hrnent, the apparatus further includes means for curing mo annular body 
ofhardenable fluidic sealing material. 
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* An appaiatna for plastically deforming and radially exp anding a tubular member 
has also been described thai includes means far providing a tipped portion in a portion of 
fee tubular member, and means far plastically defaming and radially expandin g another 
portion of the tubular member. 
5 Ah apparatus for plastically deforniing and radially expanding a tubular member 

has also been described mat includes a tubular support member including a first fluid 
passage, an expansion cone coupled to flic tubular support member having a second fluid 
passage flmdicly coupled to fee first fluid passage and an outer conical surface; an annular 
expansion cone launcher including: a first annular portion coupled to a lower portion of 
10 the .tubular member, a second annular portion coupled to the first annular portion that 
mates with the outer conical surface of the expansion cone, a third annular portion coupled 
to the second annular portion having a first outside diameter, and a fourth annular portion 
coupled to the third annular portion having a second outside diameter, wherein the second 
outside diameter is less than fee first outside diameter, and a shoe having a valveable 
15 passage coupled to fourth annular portion of fee expansion cone launcher. 

A method of plastically deforming and radially expanding a tubular member has 
also been described that includes providing a tipped portion in a portion of fee tubular 
member, and plastically deforming and radially expanding another portion of fee tubular 
member. 

20 A method of coupling a first tubular member to a second tubular member has also 

been described that includes providing a lipped portion in a portion of the first tubular 
member, plastically deforming and radially expanding another portion of fee first tubular 
member, positioning the second tubular member inside the first tubular member in 
overlapping relation to the lipped portion of fee first tubular member, and plastically 

25 deforming and radially expanding the second tubular member. The inside diameters of the 
first and second tubular members after fee plastic deformations and radial ex pansi o n s are 
substantially equal 

• An apparatus for coupling a first tubular member to a second tubular rnembcr has 
also been described that includes means for providing a lipped portion in the first tubular 
30 member, means for plastically deforming and radially expanding another portion of fee 
first tubular member, means for positioning fee second tubular member inside fee first 
tubular member in overlapping relation Co the bpped portion of fee first tubular member, 
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and means for plastically deforming and radially expanding me second tubular member. 
Tno inside diameters of me first and second tubular members after the plastic defonnatums 
and radial fr Xp* ng ifl i?fc are substantially onus! 

An appwut us fa forming a wellbore casing within a wcllborc has also been 
5 described that includes means Im supportmg a tubular member within the wellbore, means 
for providing a tipped portion in the tubular member, and means for plastically deforming 
and radially expanding another portion of the tubular member to a second outside 
diameter. 

An apparatus for forming a wellbore casing within a wellbore has also been 
10 described that includes a tubular support member including a first fluid passage, in 
expansion cone coupled to (he tubular support member having a second fluid passage 
fluidicly coupled to the first fluid passage and an outer conical surface, an annular 
expansion cone launcher including: a first annular portion coupled to a lower portion of 
the tubular member, a second annular portion coupled to the first annular portion that 

1 5 mates with the outer conical surface of the expansion cone, a thud annular portion coupled 
to the second annular portion having a first outside diameter, and a fourth annular portion 
coupled to the third annular portion having a second outside diameter, wherein the second 
outside diameter is less than the first outside diameter, and a shoe having a valveable 
passage coupled to fourth annular portion of the expansion cone launcher. 

20 A method of forming a wellbore casing in a wellbore has also been described that 

includes supporting a tubular member within the wellbore, providing a lipped portion in a 
portion of the tubular member, and plastically deforming and radially expanding another 
portion of the tubular member. In a preferred embodiment, the method further includes 
injecting ahardenable fluidic sealing material in an armuioa between the tubular member 

25 and the wellbore. In a preferred embodiment, the method further includes curing the 
fluidic sealing material 

A method of forming a mono-diameter wellbore casing within a wellbore has also 
been described mat includes supporting a first tubular member within the wellbore, 
. providing a lipped portion in a portion of the first tabular member, plastically defaming 

30 and radially expanding another portion of the fast tubular member, positioning the second 
tubular member m«de the first tubolar member in overlapping relation to the lipped 
portion of the first tubular member, and plastically defaming and radially expanding the 
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second tabular member. Ttze inside diameters of the first and scoond tabular members 
after the plastic deformations and radial expansions are substantially equal, fa a preferred 
embodiment, (ho method further includes injecting a hanlcnable fluidic sealing material in 
an azmnlus between the firet tabular member and thowelTbore. In a preferred embodiment, 
5 the method further includes curing the flmdic aealing material In a preferred embodiment, 
die method farmer includes Injecting a hardenable fluidio scaling material in an annums 
between (ho second tubular member and the wellborn In a preferred embodiment, the 
mefliod further includes curing the fhndic sealing material 

An apparatus for forming a mono-diameter wcllbore casing within a wellboro has 
10 also been descnl>ed fruit iricbto portion m me first tubular 

member, means for plastically deforming and radially expanding another portion of the 
first tubular member, means tor positioning the second tabular member inside the first 
tubular member in overlapping relation to the lipped portion of the first tubular member, 
and means for plastically deforming and radially expanding the second tubular member. 
15 The inside diameterB of the first and second tubular members after the plastic deformations 
and radial expansions are substantially equaL la a preforred embodiment, the apparatus 
farther includes means for injecting a hardenable fluidic sealing material in an annulus 
between the first tubular member and the wcllbore. In a preferred embodiment, the 
armaratus further includes means for curing the fluidic sealing material, fa a p r e fer red 
20 embodiment, the apparatus further includes means for injecting a hardenable fluidic 

Bcaling material in an armulua between the second tubular member and the wellbore. In a 
preferred embodiment, the apparatus farther includes means for curing the fluidic sealing 
material. 

An apparatus for plastically deforming and radially expanding a tubular member 
25 has also been described that includes means for plastically defcjtning and radially 
expanding a first end of the tubular member, and means for plastically deforrning and 
radially expanding a second end of the tubular member. In a pre f erred embodiment, the 
apparatus further includes means for anchoring the tubular member during the radial 
expansion. 

30 An apparatus for plastically deforrning and radially expanding a tubular member 

has also been described that includes a tubular support member including a first passage, 
an expansion cone coupled to the tabular support having a second passage Quidicly 



WO 02/29199 PCIYUS01/302S6 

coupled to the first passage and an outer corneal surface, an annular expansion cone 
launcher movably copied to outer conical surface of the expansion cows, an expandable 
tubular member coupled to an end of the annular expansion cone launcher, a shoe coupled 
to another end of the annular expansion cone launcher having a valveable fluid passage, 
5 and another annular expansion coco movebly coupled to the tubular support member. The 
annular expansion cones are positioned in opposite orientationa. In a preferred 
embodirnait, the annular expansion cone is adapted to plastically deform end radially 
expand a first end of the expandable tubular member and the other annular expansion cone 
is adapted to plastically deform and radially expand a second end of the expandable 
10 tabular member. In a preferred embodiment, the apparatus further includes an anchoring 
member coupled to the tubular support member adapted to hold the expandable tubular. 

A method of plastically deforming and radially expanding a tubular member has 
also been described that includes plastically deforming and radially expanding a first end 
of the tubular member, and plastically defonning and radially expanding a second end of 

15 the tubular member. In a preferred embodiment, the method further includes anchoring 
tho tubular member during the radial expansion. In a preferred embodiment, the rest end 
of the tubular member is plastically deformed and radially expanded before the second 
end In a preferred embodiment, plastically deftrming and radially expanding the second 
end of tho tubular member includes mjectxng a fluidk material into the tubular member. 

20 A method of coupling a first tubular member to a second tubular member has also 

been described that includes positioning (he second tubular member inside the first tubular 
member in an overlapping relationship, plastically deforming and radially expanding the 
end of the second tubular member that overlaps with (he first tubular member, and 
plastically deforming and radially expanding (he remaining portion of the second tubular 

25 member. In a preferred embodiment, the method further includes plastically deforming 
and radially expanding at least a portion of tho second tubular member, ma preferred 
embodiment, the Inside diameters of the first and second tubular members are substantially 
equal after the radial expansions. 

An arrparatus for coupling a first tubular member to a second tubular member has 

30 also been described that includes means fox positioning tho second tubular member inside 
the first tubular member in an oved appiog relationship, means tor plastically deforming 
and radially expanding the end of the second tubular member that overlaps with the first 
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tabular member, and means for plastically deforming and radially expanding the remaining 
portion of the second tubular member. In a preferred embodiment, the apparatus further 
includes means for plastically deforming and radially expanding at least a portion of the 
second tabular member. In a preferred embodiment, the inside diameters of the first and 
5 second tubular members are substantially equal after tho radial expansions. 

An apparatus tor farming a welibore casing within a wollbore has also been 
described that includes means for supporting a tubular member within the wellborn, means 
for plastically deforming and radially expanding a first end of the tabular member, and: 
means for plastically deforming and radially expanding a second end of the tubular 
10 member, m a preferred embodiment, the apparatus rmmer includes ineahs for arx&oring 
the tubular member during the radial expansion, m a preferred embodiment, the apparatus 
further includes means for injecting a hardcnable fhridio sealing material into an eamulus 
between the tubular member and the weflbore. 

An apparatus for forming a welibore casing within a woliborc has also been 
1 5 described that includes a tubular support member including a first passage, an expansion 
cone coupled to tho tubular support having a second passage fluidicry coupled to the first 
passage and an outer conical surface, an annular exp anskm cone launcher movably 
coupled to outer conical surface of tho expansion cone, an expandable tubular member 
coupled to an end of the annular expansion cone launcher, a shoe coupled to another end 
20 of the annular expansion cone launcher having a valveable fluid passage, and another 
annular expansion cone movably coupled to the tubular support member. The annular 
expansion cones are positioned in opposite orientations. In a preferred embodiment, the 
annular expansion cone is adapted to plastically deform and radially expand a first end of 
the expandable tubular member and the other annular expansion cone is adapted to 
25 plastically deform and radially expand a second end of the expandable tubular member. In 
a preferred embodiment, the apparatus further includes an anchoring member coupled to 
the tubular support member adapted to hold the expandable tubular. 

A method of forming a welibore casing within a welibore has also been described 
that includes plastically deforming and radially expanding a first end of (ho tabular 
30 member, and plastically ^forming and radially expanding a second end of the tubular 
member. In a preferred embodiment, the method further includes anchoring the tubular 
member during the radial expansion. In a preferred embodiment, the first end of the 
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tubular member is plastically deformed and rndialty expanded before tho second and. In a 
preferred embodiment, plastically deforming and radially expanding the second end of the 
tabular member includes injecting a fluidic ma terial into mo tubular member. In a 
preferred embodiment, the method further includes i4«?tmg aharoenable fmidic sealing 
5 material Into an annuhis between tho tubular member and the weUbore. 

A method of forming a wellbare casing within a wellboro baa also been described 
that includes plastically deforming sod radially expanding a first tubular member within 
the weUbore, positioning a second tubule member inside the first tubular member in an 
overlapping relationship, plastically deforming and radially expanding the end of the 

10 second tubular member that ovodaps with the first tubular member, plastically defoiming 
and radially expanding the remaining portion of the second tubular member, m a preferred 
embodiment, the method further includes plastically deforming and radially expanding at 
least a portion of the second tubular member. In a preferred embodiment, the inside 
diameters of the first and second tubular members are substantially equal after the radial 

15 expansions. In a preferred embodiment, the method farther includes injecting a hardenable 
fluidic sealing material into an annuhis between the first tubular member and the wellborn 
In a preferred embodiment, the method further includes injecting a hardenable fluidic 
sealing material into an annnlus between the second tubular member and the weUbor©. 
An apparatus for forming a wellbcre casing within a wellborn has also been 

20 described that includes means for plastically deforming and radially expanding a first 
tubular member within the wellbore, means for positioning the second tubular member 
inside the first tubular member in an overlapping relationship, means for plastically 
deforming and radially expanding tho end of the second tubular member mat overlaps with 
the first tubular member, means for plastically defoiming and radially expanding the 

25 remaining portion of the second tubular member. In a preferred embodiment, the 

apparatus further includes means for plastically detmining and radially expanding at least 
a portion of the second tubular member. In a preferred embodiment, (he inside diameters 
of the first and second tubular members are substantially equal after tho radial expansions. 
In a pref erred embodiment, the apparatus further mchides means for injecting a 

30 hardenable fluidic sealing material into an arrnulus between the first tubular member and 
the wellboro. In a preferred embodiment, the apparatus further includes means for 
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injecting a hardenablc fluidic scaling material into an trmaJus between the second tubular 
member and the wellbore. 

An apparatus for bridging an axial gap between oppodng pairs of weOboro casing 
within a wellbore has also been desctib ed thai includes meant fbr supporting a tubular 
5 member in overlapping relation to tho opposing ends of the wellbore casings, means fbr 
plastically deforming and radially expanding (he tabular member, and means for plastically 
deibiming and radially expanding the tubular member and the opposing ends of the 
wellbore casings. 

A method of bridging an axial gap between opposing pairs of wellbore easing 
10 within a wellbore has also been described that includes supporting a tubular member in 
overlapping relation to the opposing ends of the wellbore casings, plastically deforming 
and radially expanding the tubular member, and 

plastically deibiming and radially expanding the tubular member and the opposing ends of 
me wellbore ca sings, 

15 A method of forming a structure having desired strength characteristics has also 

been described that includes providing a first tubular member, and plastically defomiing 
and radially expanding additional tubular members onto the ulterior surface of the first 
tubular member until the desired strength characteristics ore achieved 

A method of forming a wellbore casing within a wellbore having desired strength 

20 characteristics has also been described mat mdudes plastically deforming and radially 
expanding a first tubular member within the wellbore, and plastically deforming and 
radially expanding additional tubular members onto the interior surface of the first tubular 
member until die desired strength characteristics are achieved. 

A method of coupling a first tubular member to a second tubular member, the first 

25 tubular member having an original outside diameter OD 0 and an original wall thioknesa t^ 
has also been described that includes plastically deforming and radially cxrjandmg a first 
portion of (he first tubular member to a first outside diameter, plastically deforming and 
radialry expanding another portion of the first tubular member to a second outside 
diameter, positioning the second tubular member inside (he first tubular member in 

30 overlapping relation to the first portion of the first tubular member; plastically deforming 
and radially expanding the second tubular member to a third outside diameter, and 
pi astically deforming and radially expanding the second tubular member to a fourth 
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outside diameter, wherein the inside- diameters of the first and second tabulmmemberB 
•afisr t he plastic d odfoomti Cd is tod radial expansions aro substantially oqual, n od 
wherein flic ratio of the original outride diameter OD 0 of the first tubular manber to the 
original wall thickneas % of the first tubular member is greater than or equal to 16. 
5 A method of forming a mono-d ia metgi wefibore cadng has also been described 

that mchidea positioning a first tubular mcmbei within a wellborn, the first tubular mambcr 
having an original outside diameter OD 0 and an original wall thickness t^ plastically 
dftfrrrmrng and radially expanding a first portion of fee first tubular member to a first 
oatrido character, plastically defaming and radially expanding another portion of the first 

10 tubular member to a second outride diameter, positioning the second tubular member 
msido the first tubular member in overlapping relation to the first portion of the first 
tubultr member, plaatically daforming and radially expanding the second tubular member 
to a mixd outside diameter, and plastically deforming and radially expanding the second 
tubular member to a fourth outside diameter. The inside diameters of the first and second 

15 tubular members after the plastic deformations and radial expansions are substantially 
equal, and wherein the ratio of the original outside diameter OD 0 of the first tubular 
member to the original wall tfridmeas to of the first tubular member is greater than or equal 
tbl6. 

An apparatus has also been described mat includes a plastically deformed and 
20 radially expanded tubular member having a first portion having a first outside diameter 
and a remaining portion having a second outside diameter, wherein the ratio of the original 
outside diameter ODq of the first tubular member to the original wall thickness to of the 
first tubular member is greater man or equal to 16. 

An armaratus has also been described that includes a plastically deformed and 
25 radially expanded first tubular member having a first portion having a first outside 
diameter and a remaining portion having a second outside diameter, and a plastically 
deformed and radially expanded second tubular member coupled to the first portion of the 
first toimlar member. Tho ratio of the original outside diameter OD p of the first tubular 
member to the original wall thickness t^ of the first tubular member ia greater than or equal 
30 to 16. ma preferred embodiment, the inside diameters of the first and second tubular 
members are substantially equal. 
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A wellbore casing formed in a wellbore has also been described that includes a 
plastically deformed and radially expanded first tubular member having a first portion 
having a first outside diameter and a remaining portion having a second outside 
diameter, and a plastically deformed and radially expanded second tubular member 
coupled to the first portion of the first tubular member. The ratio of the original 
outside diameter OD 0 of the first tubular member to the original wall thickness to of the 
first tubular member is greater than or equal to 16. In a preferred embodiment, the 
inside diameters of the first and second tubular members are substantially equal. 

An apparatus has also been described that includes a plastically deformed and 
radially expanded tubular member. In a preferred embodiment, the ratio of the original 
outside diameter OD 0 of the tubular member to the original wall thickness to of the 
tubular member Is greater than or equal to 16. 

In several alternative embodiments, the methods and apparatus described and 
referenced above may be used to form or repair wellbore casings, pipelines, and 
structural supports. 

Although this detailed description has shown and described illustrative 
embodiments of the invention, this description contemplates, a wide range of 
modifications, changes, and substitutions. In some instances, one may employ some 
features of the present invention without a corresponding use of the other features. 
Accordingly,: it is appropriate that readers should construe the appended claims 
broadly, and in a manner consistent with the scope of the invention. 

Throughout this specification and the claims which follow, unless the context 
requires otherwise, the word "comprise", and variations such as "comprises" and 
"comprising", will be understood to imply the inclusion of a stated integer or step or 
group of integers or steps but not the exclusion of any other integer or step or group of 
integers or steps. 

The reference to any prior art in this specification is not, and should not be 
taken as, an acknowledgment or any form of suggestion that that prior art forms part of 
the common general knowledge in Australia. 



^ THE CLAIMS DEPININO THE INVENTION ARE' AS FOLLOWS: 
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VO 1 . An apparatus for plastically deforming and radially expanding a tubular member, 

comprising: 

5 means for plastically deforming and radially expanding a first portion of the tubular 

member to a first outsde diameter, and 
0^ means for plastically deforming and radially expanding a second portion of the 

£h tubular member to a second outside diameter, 

3 wherein the means for plastically deforming and radially expanding the first portion 

10 of the tubular member to the first outside diameter is frangible. . 



2. An apparatus for plastically deforming and radially expanding a tubular member, 
comprising: 

. means for plastically deforming and radially expanding a first portion of the tubular 
15 member to a first outside diameter; and 

means for plastically deforming and radially expanding a second portion of the 
tubular member to a second outside diameter, 

wherein the means for plastically deforming and radially expanding the first portion 
of the tubular member to die first outside diameter is elastic. 

20 

3 . An apparatus for plastically deforming and radially expanding a tubular member, 
comprising: 

means for plastically deforming and radially expanding a first portion of the tubular 
member to a first outside diameter; and 
25 means for plastically deforming and radially expanding a second portion of the 

tubular member to a second outside diameter, 

wherein the means for plastically deforming and radially expanding the first portion 
of the tubular member to die first outside diameter is inflatable. 

30 4. An apparatus for plastically deforming and radially expanding a tubular member, 
comprising: 
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means for plastically deforming and radially expanding a first portion of the tubular 
q member to a first outside diameter, and 

SO means for plastically deforming and radially expanding a second portion of the 

tubular member to a second outside diameter; 

5 wherein the means for plastically deforming and radially expanding the first portion 

§ ofthe tubular member to the first outside diameter includes rolling means for applying 

q\ radial pressure to the first portion ofthe tubular member.: 

CS 

§ 5. An apparatus for plastically deforming and radially expanding a tubular member, 

10 comprising: 

a tubular support member including a first fluid passage; 
an expansion cone coupled to the tubular support member having a second fluid 
passage fluidicly coupled to the first fluid passage and an outer conical surface; 

a removable annular conical sleeve coupled to the outer conical surface of the 
15 expansion cone; 

an annular expansion cone launcher coupled to the conical sleeve and a lower : 
portion of the tubular member, and 

a shoe having a varveabie passage coupled to an end ofthe expansion cone 
launcher. 

20 

6. The apparatus of claim 5, wherein the conical sleeve is frangible. 

7. The apparatus of claim 5, wherein the conical sleeve is elastic. 

25 8. The apparatus of claim 5, wherein the conical sleeve comprises a plurality of 
arcuate elements. 

9. A method of plastically deforming and radially expanding a tubular member, 
comprising: 

30 plastically deforming and radially expanding a portion of the tubular member to a 

first outside diameter, and 
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plastically deforming and radially expanding another portion of the tubular member 
to a second outside diameter, 

wherein plastically defoiming and radially expanding the portion of the tubular 
member comprises: . 

applying a radial force to the portion of the tubular member using a conical sleeve. 

10. The method of claim 9, wherein the conical sleeve is frangible: 

11. The method of claim 9, wherein the conical sleeve is elastic. 

12. The method of claim 9, wherein the conical sleeve comprises a plurality of arcuate 
elements. 

13. A method of plastically deforming and radially expanding a tubular member, 
15 comprising; 

plastically deforming and radially expanding a portion of the tubular member to a 
first outside diameter; ask! 

plastically deforming and radially expanding another portion of the tubular member 
to a second outside diameter, 
20 wherein plastically deforming and radially expanding the portion of the tubular 

member comprises: 

applying a radial force to the portion of the tubular member using an inflatable 
bladder. 

25 14. A method of plastically deforming and radially expanding a tubular member, 
comprising: 

plastically deforming and radially expanding a portion of the tubular member to a 
first outside diameter, and 

plastically deforming and radially expanding another portion of the tubular member 
30 to a second outside diameter, 

. wherein plastically deforming and radial ly expanding the portion of the tubular 
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mariber comprises: 

q applying a radial force to the portion of the tubular member using a roller 

VO expansion device^ 

O 

^ S 15. A method ofcoupling a fim tubular mm 
§ comprising: 

^ plastically deforming and radially expanding a first portion of the first tubular 

i member to a first outside diameter; 

O plastically deforming and radially expanding another portion of the first tubular 

1 0 member to a second outside diameter; 

positioning the second tubular member inside the tint tubular member in 
overlapping relation to the first portion of the first tubular member; 

plastically deforming and radially expanding the second tubular member to a third 
outside diameter; and 

1 5 plastically deforming and radially expanding the second tubular member to a fourth 

outside diameter, 

wherein the first and second tubular members after the plastic deformations and 
radial expansions define a passage having a constant cross sectional area. 

20 16. The method of claim 15, wherein the first outside diameter is greater than the 
second outside diameter. 

17. The method of claim 15, wherein plastically deforming and radially expanding the 
first portion of the first tubular member comprises: 

25 applying a radial force to the portion of the tubular member using a conical sleeve. 

18. The method of claim 17, wherein the conical sleeve is frangible. 

19. The method of claim 17, wherein the conical sleeve is elastic. 

30 

20. . The method of claim 1 7, wherein the conical sleeve comprises a plurality of arcuate 
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elements. 

2 1 . The method of claim 15, wherein plastically -deforming and radially expanding the 
first portion of the first tubular member comprises: 
^ S applying a radial force to the first portion of the first tubular member using an 

oo inflatable bladder. 

Os 

i-H 1% The method of claim 1 5, wherein plastically deforming and radially expanding the 

§ fust portion of the first tubular member comprises: 

10 applying a radial force to the first portion of the first tubular member using a roller 

expansion device. 

23. An apparatus for coupling a first tubular member to a second tubular member, 
comprising: 

15 means for plasttcally deforming and radially expanding a first portion of the 

fust tubular member to a first outside diameter, 

means for plastically deforming and radially expanding another portion of 
the first tubular member to a second outside diameten 

means for positioning the second tubular member inside the first tubular 
20 member in overlapping relation to the first portion of the first tubular member, 

means for plastically deforming and radially expanding the second tubular 
member to a third outside diameter, and 

means for plastically deforming and radially expanding the second tubular 
member to a fourth outside diameter; 
25 wherein the first and second tubular members after the plastic deformations 

and radial expansions define a passage having a constant cross sectional area. 

24. The apparatus of claim 23, wherein the first outside diameter is greater than the 
second outside diameter. 

30 

25. The apparatus of claim 23 , wherein the means for plastically deforming and 
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radially expanding the first portion of the Gist tubular member comprises: 



q means for applying a radial force to the portion of the tubular member using a 

NO conical sleeve. 

O 

fsj 5 26. The apparatus of claim 25, wherein (he conical sleeve is frangible. 

O 
00 

On 27. The apparatus of claim 25, wherein the conical sleeve is elastic. 

<N 



23. The apparatus of claim 25, wherein the conical sleeve comprises a plurality of 
10 arcuate elements. 

29. The apparatus of claim 23, wherein the means for plastically deforming and 
radially expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the first portion of to the first tubular member 
15 using an inflatable bladder. 

30. The apparatus of claim 23, wherein the means for plastically deforming and 
radially expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the first portion of the first tubular 
20 member using a roller expansion device. 

31. An apparatus for forming a wcllbore casing within a wellbore, comprising: 
means for supporting a tubular member within the wellbore; 

means for plastically deforming and radially expanding a first portion of the tubular 
25 member to a first outside diameter, and 

means for plastically deforming and radially expanding a second portion of the 
tubular member to a second outside diameter; 

wherein the means for plastically deforming and radially expanding the first portion 
of the tubular member to the first outside diameter is frangible. 

30 

32. An apparatus for forming a wellbore casing within a wellbore, comprising: 
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means for supporting a tubular member within the wellbore; 

means for plastically deforming and radially expanding a first portion of the tubular 
member to a first outside diameter, and 

means for plastically deforming and radially expanding a second portion of the 
tubular member to a second outside diameter, 

wherein the means for plastically deforming and radially expanding the first, portion 
of the tubular member to the first outside diameter is elastic. 

33. An apparatus for forming a wellborn casing within a wellbore, comprising: 
means for supporting a tubular member within the wellbore; 

means for plastically deforming and radially expanding a first portion of the tubular 
member to a first outside diameter, and 

means for plastically deforming and radially expanding a second portion of the 
tubular member to a second outside diameter; 

wherein the means for. plastically deforming and radially expanding the first portion 
of the tubular member to the first outside diameter is inflatable, 

34. An apparatus for forming a wellbore casing within a wellbore, comprising: 
. means for supporting a tubular member within the wellbore; 

means for plastically deforming and radially expanding a first portion of the tubular 
member to a first outside diameter; and 

. means for plastically deforming and radially expanding a second portion of the 
tubular member to a second outside diameter, 

wherein the means for plastically deforming and radially expanding the first portion 
of the tubular member to the first outside diameter comprises rolling means for applying 
radial pressure to the first portion of the tubular member. 

35. An apparatus for forming a wellbore casing within a wellbore, comprising: 
a tubular support member including a first fluid passage; 

an expansion cone coupled to the tubular support member having a second fluid 
passage fluidicly coupled to the first fluid passage and an outer conical surface; 
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^ a removable annular conical sleeve coupled to the outer conical surface of the 

Q expansion cone; 

g an annular expansion cone launcher coupled to the conical sleeve and a lower 

portion of the tubular member; and : 

<s) 5 a shoe having a varveable passage coupled to an end of the expansion cone 

00 launcher. . 
ON 



36. The apparatus of claim 35, wherein the conical sleeve is frangible. 

10 37. The apparatus of claim 35, wherein the conical sleeve is elastic. 

38. The apparatus of claim 35, wherein the conical sleeve comprises a plurality of 
arcuate elements. 

1 5 39. A method of forming a welJbore casing within a wellbore, comprising: 
supporting a tubular member within a wellbore; 

plastically deforming and radially expanding a portion of the tubular member to a 
first outside diameter, and 

plastically deforming and radially expanding another portion of the tubular member 
20 to a second outside diameter; 

wherein plastically deforming and radially expanding the portion of the tubular 
member comprises; 

applying a radial force to the portion of die tubular member using a conical 

sleeve. 

40. The method of claim 39, wherein the conical sleeve is frangible. 

41. The method of claim 39, wherein the conical sleeve is clastic. " 

30 42. The method of claim 39, wherein the conical sleeve comprises a plurality of arcuate 
elements. 
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q . 43. AmethodoffonningaweUbm 

SO supporting a tubular member within a wellbore; 

O 

plastically deforming and radially expanding a portion of die tubular member to a 
^ 5 first outside diameter; and 

00 plastically deforming and radially expanding another portion of the tubular member 

to a second outside diameter, 
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. wherdn plastically deforming and radially expanding Ae portion of the tubular 
§ member comprises: 

1 0 applying a radial force to the portion of the tubular member using an inflatable 

bladder. 

44. A method of forming a wellbore casing within a wellbore, comprising: 
supporting a tubular member within a wellbore; 

1 5 plastically deforming and radially expanding a portion of the tubular member to a 

first outside diameter; and 

plastically deforming and radially expanding another portion of the tubular member 
to a second outside diameter, 

wherein plastically deforming and radially expanding the portion of the tubular 
20 member comprises: 

applying a radial force to the portion of the tubular member using a roller 
expansion device. 

45. A method of forming a mono-diameter wellbore casing within a wellbore, 
25 comprising: 

supporting a first tubular member within the wellbore; > 
plastically deforming and radially expanding a first portion of the first tubular 
member to a first outside diameter, 

plastically deforming and radially expanding another portion of the first tubular 
30 . member to a second outside diameter; 

positioning the second tubular member inside the first tubular member in 
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M overlapping relation to the radially expanded first portion of the first tubular member; 

q plastically defonning and radially expanding the second tubular member to a third 

outside diameter, and 

plastically deforming and radially expanding the second tubular member to a fourth 



s 



^ 5 outside diameter; 

§ wherein the first and second tubular members after the plastic deformations and 

radial expansions define a passage having a constant cross sectional area. 

3 46. The method of claim 45, wherein the first outside diameter is greater than the 

10 second outside diameter, 

47. The method of claim 45, wherein plastically deforming and radially expanding the 
first portion of the first tubular member comprises: 

applying a radial force to the portion of the tubular member using a conical sleeve. 

15 

48. The method of claim 47, wherein the conical sleeve is frangible. 

49. The method of claim 47 t wherein the conical sleeve is elastic. 

20 50. The method of claim 47> wherein the conical sleeve comprises a plurality of arcuate 
elements. 

51. The method of claim 45, wherein plastically deforming and radially expanding the 
first portion of the first tubular member comprises: 

25 applying a radial force to the first portion of the first tubular member using an 

inflatable bladder. 

52, The method of claim 45, wherein plastically deforming aivd radially expanding the 
first portion of the first tubular member comprises: 

30 applying a radial force to the first portion of the first tubular member using a roller 

expansion device. 
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q 53. The method of claim 45, further comprising: 

VO injecting an annular body of a hardenable fluidic scaling material into an annul us 
O 

between the first tubular member and the wellborn, 

CM ^ , , ; 

£o 54. The method of claim 45, ftmher comprising: 

^ injecting an annular body of a hardenable fluidic sealing material into an annulus 



8 



between the second tubular member and the wellborn, 

10 55. The method of claim 53 or 54, further comprising: 

curing the annular body of hardenable fluidic sealing material. 

56. . An apparatus for coupling a first tubular member to a second tubular member, 
comprising: 

1 5 means for plastically deforming and radially expanding a first portion of the first 

tubular member to a first outside diameter, 

means for plastically deforming and radially expanding another portion of the first 
tubular member to a second outside diameter; 

means for positioning the second tubular member inside the first tubular member in 
20 overlapping relation to the radially expanded first portion of the first tubular member; 

means for plastically deforming and radially expanding the second tubular member 
to a third outside diameter, and 

means for plastically deforming and radially expanding the second tubular member 
to a fourth outside diameter; 
25 wherein the first and second tubular members after the plastic deformations and 

radial expansions define a passage having a constant cross sectional area. 

57. The apparatus of claim 56, wherein the first outside diameter is greater than the 
second outside diameter. 

30 
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^ 58. The apparatus of claim 56, wherein the means for plastically deforming and 

q radially expanding the first portion of the first tubular member comprises: 
VO means for applying a radial force to the portion of the tubular member using a 

conical sleeve, 

5 

00 59. The apparatus of claim 58, wherein the conical sleeve is frangible. 



60. The apparatus of claim 58, whereb the conical sleeve is elastic. 

10 61 . The apparatus of claim 58, wherein the conical sleeve comprises a plurality of 
arcuate elements. 



62. The apparatus of claim 56, wherein the means for plastically deforming and 
radially expanding the first portion of the first tubular member comprises: 

15 means for applying a radial force to the first portion of the fust tubular member 

using an inflatable bladder. 

63. The apparatus of claim 56, wherein the means for plastically deforming and 
radially expanding the first portion of the first tubular member comprises: 

20 means for applying a radial force to the first portion of the first tubular member 

using a roller expansion device. • 

64. The apparatus of claim 56, further comprising: 

means for injecting an annular body of a hardenabte fluidic sealing material into an 
25 annulua between the first tubular member and the wellbore. 

65. The apparatus of claim 56, further comprising: 

means for injecting an annular body of a hardenable fluidic sealing material into an 
annul us between the second tubular member and the wellbore. 

30 

66. Tr*apparaW9 0fclaim64or65,rur^ 
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means for curing the annular body of hardenable fhridic sealing material. 

O 

O 

VD 67. An apparatus for plastically deforming and radially expanding a tubular member, 

O 

comprising: 

(S) 5 ' means for providing a lipped portion in a portion of the tubular member, and 

oo means for plastically deforming and radially expanding another portion of the 

tubular member. 

i-H 

3 68. An apparatus for plastically deforming and radially expanding a tubular member, 

10 comprising: . 

a tubular support member including a first fluid passage; 
an expansion cone coupled to the tubular support member having a second fluid 
passage fluidicly coupled to the first fluid passage and an outer conical surface; 
an annular expansion cone launcher comprising: 
15 a first annular portion coupled to a lower portion of the tubular member; 

a second annular portion coupled to the first annular portion that mates with the 
outer conical surface of the expansion cone; 

a third annular portion coupled to the second annular portion having a first outside 
diameter; and 

20 a fourth annular portion coupled to the third annular portion having a second 

outside diameter; 

wherein the second outside diameter is less than the first outside diameter; and 
a shoe having a valveable passage coupled to fourth annular portion of the 
expansion cone launcher. 

25 

69. A method of plastically deforming and radially expanding a tubular member, 
comprising: 

providing a lipped portion in a portion of the tubular member, and 
plastically deforming and radially expanding another portion of the tubular 
30 member. 
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70. A method of coupling a first tubular member to a second tubular member, 
comprising: 

providing a lipped portion in a portion of the first tubular member; 
plastically deforming and radially expanding another portion of the first tubular 
5 member, 

positioning the second tubular member inside the first tubular member in 
overlapping relation to the lipped portion of the first tubular member, and 

. plastically deforming and radially expanding the second tubular member, 
wherein the inside diameters of the first and second tubular members after the 
1 0 plastic deformations and radial expansions are substantially equal. 

71. An apparatus for coupling a first tubular member to a second tubular member, 
comprising: 

means for providing a lipped portion in the first tubular member; 
15 means for plastically deforming and radially expanding another portion of the first 

tubular member, 

means for positioning the second tubular member inside the first tubular member in 
overlapping relation to the lipped portion of the first tubular member, and 

means for plastically deforming and radially expanding the second tubular member, 
20 wherein the inside diameters of the first and second tubular members after the 

plasric deformations and radial expansions are substantially equal. 

72. An apparatus for forming a wellborc casing within a wellbore, comprising: 
means for supporting a tubular member within the wellborc; 

25 means for providing a lipped portion in the tubular member, and 

means for plastically deforming and radially expanding another portion of the 
tubular member to a second outside diameter. 

73. An apparatus for forming a wellborc casing within a wellborc, comprising: 
30 a tubular support member including a first fluid passage; 
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^ an expansion cone coupled to the tubular support member having a second fluid 

q passage fluidicly coupled to the first fluid passage and an outer conical surface; 

\0 an annular expansion cone launcher comprising: 

^ a first annular portion coupled to a lower portion of the tubular member; 

^ 5 a second annular portion coupled to the first annular portion that mates with the 

£q outer conical surface of the expansion cone; 

^ a third annular portion coupled to the second annular portion having a first outside 

diameter; and 

O ; a fourth annular portion coupled to ftc third annular portion h^mg a second 

10 outside diameter, 

wherein the second outside diameter is less than the first outside diameter; and 
a shoe having a valvcaWc passage coupled to fourth annular portion of the 
expansion cone launcher. 

1 5 74. A method of forming a wellbore casing in a wellbore, comprising: 
supporting a tubular member within the wellbore; 
providing a lipped portion in a portion of the tubular member, and 
plastically deforming and radially expanding another portion of the tubular 
member. 



O 

a 



20 



75. The method of claim 74, further comprising: 

injecting a hardenable fluidic sealing material in an annuhis between the tubular 
member and the wellbore. 



25 76. The method of claim 75, further comprising: 
curing the fluidic sealing material. 

77. A method of forming a mono-diameter wellbore casing within a wellbore, 
comprising: 

30 supporting a first tubular member within the wellbore; 

providing a lipped portion in a portion of the first tubular member, 
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plastically deforming and radially expanding another portion of the first tubular 



membcrj 

VO positioning the second tubular member inside the first tubular member in 

overlapping relation to the lipped portion of the first tubular member, and 
^ 5 plastically deforming and radially expanding the second tubular member; 

OQ wherein the Inside diameters of the first and second tubular members after the 

Or\ plastic deformations and radial expansions are substantially equal. 

§ 78. The method of claim 77, further comprising: 

10 injecting a hardenable fluidic sealing material in an annulus between the first 

tubular member and the wellbore. 



79. The method of claim 77, further comprising: 

injecting a hardenable fluidic sealing material in an annulus between the second 
15 tubular member and the wellbore. 

gO. The method of claim 78 or 79, further comprising: 
. curing the fluidic sealing material. 

20 81. An apparatus for forming a mono-diameter wellbore casing within a wellbore, 
comprising: 

means for providing a lipped portion in the first tubular member; 
means for plastically deforming and radially expanding another portion of the first 
tubular member, 

25 means for positioning the second tubular member inside the first tubular member in 

overlapping relation to the lipped portion of the first tubular member, and 

means for plastically deforming and radially expanding the second tubular member; 

wherein the Inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal. 



30 



82. The apparatus of claim 81, further comprising: 



• 76- 



means for Injecting a hardenable fluidic sealing material in an annuhis between the 
first tubular member and the weilbore. 

83. The apparatus of claim 81 f further comprising: 

5 means for injecting a hardenable ftuidic sealing material in an annulus between the 

second tubular member and the weilbore. 

84. The apparatus of claim 82 or 83, former comprising: 
means for curing the fluidic sealing material. 

10 

85. An apparatus for plastically deforming and radially expanding a tubular member, 
comprising: 

a tubular support member including a first passage; 

an expansion cone coupled to the tubular support having a second passage fluidicly 
1 5 coupled to the first passage and an outer conical surface; 

an annular expansion cone launcher movabiy coupled to outer conical surface of 
the expansion cone; 

an expandable tubular member coupled to an end of the annular expansion cone 
launcher; 

20 a shoe coupled to another end of the annular expansion cone launcher having a 

valveable fluid passage; and 

another annular expansion cone movabiy coupled to the tubular support member; 
wherein the annular expansion cones are positioned in opposite orientations. 

25 86. The apparatus of claim 65, wherein the annular expansion cone is adapted to 
plastically deform and radially expand a first end of the expandable tubular member and 
the other annular expansion cone Is adapted to plastically deform and radially expand a 
second end of the expandable tubular member. 

30 87. The apparatus of claim 85, further comprising: 
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an anchoring member coupled to the tubular support member adapted to hold the 
expandable tubular. 



88. An apparatus for forming a wellbore casing within a wellbore, comprising: 
5 a tubular support member including a first passage; 

an expansion cone coupled to the tubular support having a second passage fluidicly 
coupled to the first passage and an outer conical surface; 

an annular expansion cone launcher movably coupled to outer conical surface of 
the expansion cone; 

10 . . an expandable tubular member coupled to an end of the annular expansion cone 
launcher, 

a shoe coupled to another end of the annular expansion cone launcher having a 
valveable fluid passage; and 

another annular expansion cone movably coupled to the tubular support member, 
1 5 wherein the annular expansion cones are positioned in opposite orientations. 

89. The apparatus of claim 88, wherein the annular expansion cone is adapted to 
plastically deform and radially expand a first end of the expandable tubular member and 
the other annular expansion cone is adapted to plastically deform and radially expand a 

20 second end of the expandable tubular member. 

90. The apparatus of claim 88, further comprising: 

an anchoring member coupled to the tubular support member adapted to hold the 
expandable tubular. 

25 [ 

91. An apparatus for bridging an axial gap between opposing pairs of wellbore casing 
within a wellbore, comprising: 

means for supporting a tubular member in overlapping relation to the opposing 
ends of the wellbore casings; 
30 means for plastically deforming and radially expanding the tubular member, and 
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^ means for plastically deforming and radially cxp&ntfng the tubular member and the 

q opposing ends of the wellbore casings. 

vo 

o 

92. A method of bridging an axial gap between opposing pairs of wellbore casing 
^ 5 within a wellbore, comprising: 

00 supporting a tubular member in overlapping relation to the opposing ends of the 

CP\ wellbore casings; ' . 

£h plastically deforming and radially expanding the tubular member, and 

S plastically deforming and radially expanding the tubular member and the opposing 

CS 

10 ends of the wellbore casings. 

93. A method of forming a structure having desired strength characteristics, 
comprising: 

providing a first tubular member, and 
1 5 plastically deforming and radially expanding additional tubular members onto the 

interior surface of the first tubular member until the desired strength characteristics are 
achieved 

94. A method of forming a wellbore casing within a wellbore haying desired strength 
20 characteristics, comprising: 

plastically deforming and radially expanding a first tubular member within the 
wellbore; and 

plastically deforming and radially expanding additional tubular members onto the 
interior surface of the first tubular member until the desired strength characteristics are 
25 achieved. 

95. A method of coupling a first tubular member to a second tubular member, the first 
tubular member having an original outside diameter ODo and an original wall thickness to, 
comprising: 

30 plastically deforming and radially expanding a first portion of the first tubular 

member to a first outside diameter. 
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^ plastically deforming and radially expanding another portion of the first tubular 

q member to a second outside diameter, 

\q positioning the second tubular member inside the first tubular member in 

O ' ■ ' 

~ overlapping relation to the first portion of the first tubular member; 

^ 5 plastically deforming and radially expanding the second tubular member to a third 

oq outside diameter, and 

plastically deforming and radially expanding the second tubular member to a fourth 

r-4 outside diameter, 

§ wherein the inside diameters of the first and second tubular members alter the 

10 plastic deformations and radial expansions are substantially equal; and 

wherein the ratio of the original outside diameter OD 0 of the first tubular member 
. to the original wall thickness to of the first tubular member is greater than or equal to 16. 

96. A method of forming a mono-diameter wellbore casing, comprising: 
1 5 positioning a first tubular member within a wellbore, the first tubular member 

having an original outside diameter ODo and an original wall thickness to; 

plastically deforming and radially expanding a first portion of the first tubular 
member to a first outside diameter, 

plastically deforming and radially expanding another portion of the first tubular 
20 member to a second outside diameter, 

positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portion of the first tubular member; 

plastically deforming and radially expanding the second tubular member to a third 
outside diameter, and 

25 plastically deforming and radially expanding the second tubular member to a fourth 

outside diameter, 

: wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions arc substantially equal; and 

wherein the ratio of the original outside diameter OD 0 of the first tubular member 
30 to the original wall thickness to of the first tubular member is greater than or equal to 1 6. 
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97. An apparatus, comprising: 

a plastically deformed and radially expanded tubular member having a first portion 
having a first outside diameter and a remaining portion having a second outside diameter, 
wherein the ratio of the original outside diameter OD 0 of the first tubular member 
5 to the original wall thiclcness to of the first tubular member is greater than or equal to 1 6, 

98. An apparatus, comprising: 

a plastically deformed and radially expanded first mbular member having a first 
portion having a first outside diameter and a remaining portion having a second outside 
10 diameter, and 

a plastically deformed and radially expanded second tubular member coupled to the 
first portion of the first tubular member; 

wherein the ratio of the original outside diameter ODo of the first tubular member 
to the original wall thickness to of the first tubular member is greater than or equal to 1 6. 

15 

99. The apparatus of claim 98 y wherein the inside diameters of the first and second 
tubular members are substantially equal. 

1 00. A wellbore casing formed in a wellborc, comprising: 

20 a plastically deformed and radially expanded first tubular member having a first 

portion having a first outside diameter and a remaining portion having a second outside 
diameter; and : ; 

a plastically deformed and radially expanded second tubular member coupled to the 
first portion of the first tubular member, 
25 wherein the ratio of the original outside diameter ODo ofthe first tubular member 

to the original wall thickness to of the first tubular member is greater than or equal to 1 6. 

10L The casing of claim 100, wherein the inside diameters of the first and second 
tubular members are substantially equal 

30 

102. An apparatus, comprising: 



a plastically deformed and radially expanded tubular member; 
wherein the ratio of the original outside diameter ODo of the tubular member to die 
original wall thickness to of the tubular member is greater man or equal to 16. 

103. An:apparatus for plastically deforming and radially expanding a tubular member,; 
comprising: 

. means for coupling a fust expansion cone to a second expansion cone; 

means for plastically deforming and radially expanding a first portion of the tubular 
member to a first outside diameter using the first and second expansion cones; 

means for plastically deforming and radially expanding a second portion of the 
tubular member to a second outside diameter using the second expansion cone; and 

means for decoupling the first and second expansion cones prior to plastically 
deforming and radially expanding the second portion of the tubular member to the second 
outside diameter; 

wherein the first outside diameter is greater than the second outside diameter. 

104. A method of plastically deforming and radially expanding a tubular member, 

comprising: 

plastically deforming and radially expanding a portion of the tubular member to a 
first outside diameter using a first expansion cone coupled to a second expansion cone; 
decoupling the first and second expansion conei; and 

plastically deforming and radially expanding another portion of the tubular member 
to a second outside diameter using the second expansion cone; 

wherein the first outside diameter is greater than the second outside diameter. 

105. A method of coupling a first tubular member to a second tubular member, 
comprising: ■ 

plastically deforming and radially expanding a first portion of the first tubular 
member to a first outside diameter using a first expansion cone coupled to a second 
expansion cone; 

decoupling the first and second expansion cones; 



8 . 

^ plastically deforming and radially expanding another portion of the first tubular 

q member to a second outside diameter using the second expansion cone; 

vo positioning the second tubular member inside the first tubular member in 

° overlapping relation to the first portion of the first tubular member; 

^1 5 - * plastically deforming and radially expanding die second tubular member to a third 

qq outside diameter, and 

plastically deforming and radially expanding the second tubular member to a fourth 
outside diameter, 

q wherein the first outside diameter is greater than me second outside diameter; and 

10 wherein the inside diameters of the first and second tubular members after the 

plastic deformations and radial expansions are substantially equal. 



o 
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106. An apparatus for coupling a first tubular member to a second tubular member, 
. comprising: ; 

1 5 means for plastically deforming and radially (expanding a first portion of the first 

tubular member to a first outside diameter using a first expansion cone coupled to a second 
expansion cone; 

means for decoupling the first expansion cone from die second expansion cone; 

means for plastically deforming and radially expanding another portion of the first 
20 tubular member to a second outside diameter using the second expansion cone; 

means for positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portion of the first tubular member, 

means for plastically deforming and radially expanding the second tubular member 
to a third outside diameter, and 
25 means for plastically deforming and radially expanding the second tubular member 

to a fourth outside diameter; 

wherein the first outside diameter is greater man the second outside diameter; and 

wherein the inside diameters of the first and second tubular members alter the 
plastic deformations and radial expansions are substantially equal. 

30 

107. An apparatus for forming a wellbore casing within a wellbore, comprising: 
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means for supporting a tubular member within the wcllbore; 

means for plastically deforming and radially expanding a first portion of the tubular 
member to a first outside diameter using a first expansion cone coupled to a second 
expansion cone; 

means for decoupling die first and second expansion cones; and 
means for plastically deforming and radially expanding a second portion of the 
tubular member to a second outside diameter using the second expansion cone; 

wherein the first outside diameter is greater than die second outside diameter. 

108. A method of forming a wcllbore casing within a wellbore, comprising: 
supporting a tubular member within a wellbore; 

plastically deforming and radially expanding a portion of the tubular member to a 
first outside diameter using a first expansion cone coupled to a second expansion cone; 

decoupling the first and second expansion cones; and 
. plastically deforming and radially expanding another portion of the tubular member 
to a second outside diameter using the second expansion cone; 

wheiein the first outside diameter Is greater than the second outside diameter. 

109. A method of forming a mono-diameter wellbore casing within a wellbore, 
comprising: 

supporting a first tubular member within the wcllbore; 

plastically deforming and radially expanding a first portion of the first tubular 
member to a first outside diameter using a first expansion cone coupled to a second 
expansion cone; 

decoupling the fint and second expansion cones; 

plastically deforming and radially expanding another portion of the first tubular 
member to a second outside diameter using the second expansion cone; 

positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portion of the first tubular member, 

plastically deforming and radially expanding die second tubular member to a third 
outside diameter, and 
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^ plastically deforming and radially expanding the second tubular member to a fourth 

q outside diameter, 

vo wherein the first outside diameter is greater than the second outside diameter, and . 

wherein the inside diameters of the first and second tubular members after the 



© 



^ 5 plastic deformations and ra<Ual expaiisions are substantial^ 

O 

00 

110. Apparatus for coupling a first tubular member to a second tubular member, 

CS 

_4 comprising: 

O means for plastically deforming and radially expanding a first portion of the first 

°^ 10 tubular member to a first outside diameter using a first expansion cone coupled to a second 
expansion cone; 

means for decoupling the first and second expansion cones; 
means for plastically deforming and radially expanding another portion of the first 
tubular member to a second outside diameter using the second expansion cone; 
1 5 means for positioning the second tubular member inside the first tubular member in 

overlapping relation to the first portion of the first tubular member, 

means for plastically deforming and radially expanding the second tubular member 
to a third outside diameter; and 

means for plastically deforming and radially expanding the second tubular member 
20 to a fourth outside diameter; 

wherein the first outside diameter is greater than the second outside diameter, and 
wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal* 

25 111. Apparatus for plastically deforming and radially expanding and/or for coupling, 
substantially as herein described with reference to the accompanying drawings. 
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1 12. A method for plastically deforming and radially expanding and/or for coupling, 
substantially as herein described with reference to the accompanying drawings. 

DATED this 5* day of October, 2005 

Shell Internationale Research Maatschapplj fcV. 

By DA VIES COLUSON CAVE 
Patent Attorneys for the Applicant 
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